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PREFACE 


The picaont Volume of tlie Professional Papeis la again late in making ita 
appearance, rvMo I apologise to the Subsoiibeis foi such being the case, I nmy 
at the same time lomark that its earlier puhhcation -vroukl Inye dcpiivcd it of 
some of its most intoicsting ai tides 

The hulk of Papeis I, III, YII, VIII, X, XI, XII, XIII, XVI, WII, and 
S'!* Ill, has been alieady icad at the Chatham Meetings, and supplied in the 
form of Pamphlets to a limited number of olliceis These lattei must kindly 
c\ouso their lo-appcaianoo, os in then oiiginal form they aio not pioouiahlo by 
the majority of oui ofBcois 

Matter of great interest will be found m Papoi XIX, and u o must all feel 
much indebted to Major General Hamilton and Colonel Nelson, foi baling pio 
emod for us such valuable infoimation I take this oppoitumty of thanking 
Piofessor Foiling, R.M A ,foi the kind assistance ho afforded me in the tiausla- 
tion of part of the Papei 

Many OScerB may not be awaie that in 1849-50, piior to the oommenee- 
mont of the present senes of the “Professional Papers,” thioo nnmhcis of 
“ Corps Papois’ weie published. Those haie been bound together so as to fonn 
a Volume nni^^oim with the picsent senes, and can be obtained (piice £1) on 
application to S B Howlott, Esq, at the Wai Office The Book contains 41 
Papers and 64 Plates, besides nutaorous 'Woodcuts , a list of these will bo found 
on a loose sheet, accompanying the picscnt Volume 

C S HUTCHINSON, 

Captain, Eoyal Engineero, 
Editoi 


V qolwieh, Octjhu, IKGS 
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MEMOIR 


GENERAL SIR CHARLES WILLIAM PASLEY, K.C.B 


Genoial Sir Chailes Williain Pasley, K C B , of the Royal Engineers, was 
lioiii at Eakdale-Muir, Dumfries, on the 8th of September, 1780 In his eaily 
jcais he displayed the impetuosity and high couiage which distinguished him 
in nftci life, ns well as the peraeiernnce, abUity, and libeiality foi which ho 
beoanie no loss lemaikable 

Hia fiist instruction was at a “ lassies’ ” school, and ho was next taught Latin, 
Gieek, andPiench by hli Andiew Little, of the “new town” of Laughohn, 
who had lost his sight by liglitning while'' suigeon of a Liveipool vessel on the 
west coast of Afiica He piogressed so rapidly with his studies under this 
gentleman that he was able to lead the Oieek Testament at eight yeais of age 
He nevei walked to school by the loadway of the Esk Budge, hut always along 
the top of the parapet Eneigetio alike at woik and jihiy, ho asked piematurtly 
to he taught “counting,” and was told that ho mnst wait until he giew old 
enough to undeistand it Stung by the fortunate xefnsal, he boriowed a book 
on arithmetic from the housekeepei of a neighbouring nobleman, and made 
himself mastoi of its contents , and when he was told at a latci period that he 
might begin to leain, he had the giatifioation of mfoiraing his teaohei that he 
was leady to he examined m the dififeient rules 

'When twelve or thuteen yeais old, he took an active part and great iiiteiest 
Ui the hoy-oonfliots between the Langholmeis and the Mueklemholmers, who 
were dulled and armed with sticks, and who occasionally invaded each othei’s 
teuitoues on opposite sides of the Esk IIo was the best swimmer in 
“ a’ Eslidale,” and would at great iisk plunge into tho flooded uvei He wiote 
a histoiy about this period, of the “ Wais of Langhohn,” and tianslated it into 
Eatiu in imitation of the style of Livy ) and a poem winch ho composed upon 
Langholm Common Riding, in 1792, is said to have brought in some profit to a 
punter who published it, and to an old man who sold, it In the wmtei of 1794 
he was sent to school at Selkirk with some of his cousms, the Malcolms*, and he 
lemained there hll the summer of 1795, when he letumed to Langholm He 
jorped the Royal Military Asademy at Woolwich m August 1796, and obtained 
a commission in the Royal Artillery on tho Ist of December, 1797 Hia ptos- 
pects were all hut ruined at this time, in consequence of his having, in the 

• Of this family, Sir James Maloolm, K C B , Sir John Malcolm, G C B , Sir Pulteiiey 
Malcolm, Q- C B , and Sir Charles Malcolm, Knt , with another cousm, Sir James Lutle, 
were styled the five knights of Eskdale, before Sn Charles Pasley lyas added to their 
number. 
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cxabeiauoe of his spuits, assisted in a piactical joke upon one of the mnstois 
While oxpoctmg- to bo dismissed fiom the Royal Mditaiy Academy foi tins 
ofieiice, he 1 esolved upon woikmg his way out to India, and milking Ins omi 
foitune, without communication with hia friends , but in the mean time, happily, 
his lepiiovc auived He was transfeiicd to tho Royal Engiiieois on the 1st ot 
Apiil, 1798, and on the 2nd of August, 1799, ho was gazetted as flist lieutenant 
in that corps 

Between 1799 and 1807 he served in Minoica, Malta, Naples, and Sicily, and 
was employed on vaiious inipoitant seivioos and confidential missions He 
continued his studies at this time in mathematics and languages, and is still 
lemembeied in Malta, both foi his skill as an engineei and foi his dating feats 

Lieutenant Pasloy voluiittcied foi the expedition to Egypt in 1801, and was 
much disappointed at not being oideied to join it He was sent by General 
Villettes to communicate with Lord Nelson in 1804, and after having been pro- 
moted to the rank of second captain on the 1st of March, 1805, he served undei 
the Puneo of Hesse-Phihppsthal in the defence of Gaeta against the Pienoh m 

1806, and under Su John btunit at tlie battle of Mnida (in Calahiia) on the 4th 
of July in the same yeai The expenence of that battle confirmed the strong 
opnnou which he had always mamtamed — in opposition at that time to many m 
the British aimy — that tho English geiieials would beat the Fienoh maishals as 
soon as they got a chance ol doing so In the course of a rcooimaissanoo 
towards the iivoi Gaiighano, in company with a youngei officer of tho name of 
McLeod, he was twice stopped by aimed peasants, who looked at their buttons 
with longing eyes, and piotended to mistake them for deseitois foi the sake of 
lobbing them Small though ho was in statuio, he diow his swoid and deter- 
mined to defend himself to tho last The peasants thioatened them both with 
death if they resisted* but Captain Pasley eshibited so much leokless courage, 
and lopiesented to them so furiously the levenge that would be taken upon the 
whole neighbourhood if they injured them, that the peasants letiicd leaving 
them unscathed 

Captain Pasley took pait m the siege of Copenhagen under Loid Cathcart m 

1807, and joined Major Qcneial Leith at Oviedo, in the noith of Spam, in Sop- 
tembei, 1808 He was employed to loconnoitie the Asturian fiontiei, nud then 
to communicate with General Blake at Reynosa in Novemhei, and ho left Soto 
on the 16th of that month at night, as the Eienoh enteied it Aftei joining 
Colonel Roheit Ciawfoid’s Brigade, he was retained on the 18th by Sh David 
Baud as his extia aide-de camp, m eonseq^uence of his general attainments and 
knowledge of the Spanish language <■ On the 25th he joined Sir John Moore’s 
I’afful n ‘-Miilai rapacK.fi d wa-, '^'■LLlud tu it diiiiigthe i, he tl upon and 
a' tl c hidi L oJ Coiau la lit It ' Ins lo dmnig tin-, ii.'-ici to i' hme sohLci 
tjia'ii k 111 t j li'ii 1 1 I It' 111 did ii'iL see iL iigmi loi '( \oia' d 'js liu liad 
u'so to ptiioiiii on io I, aid lo piu ol lit M no vih oiiU out hoe some 
tl iguiiig n I'M lies I ho it’i i gi oil udniui il ''ir John Moj-v, lie Mt 5 iiw„.U 
ainioicdui 111-, let’Cfii, cl III to i il u ti .ill' \ aids <-pcuk ot r wuh pauiLiit','— 
h ■. LonvitUo)' hi.Mii,j liei'i ihuc Jii umiu oiiglii to have m icd loui.d upon ns 
iJ'jiuiorswhilst 'L v\ i.,^'ioi<g nid to li-ve miiiiiiii ltd a looting in the Pt 'Hill' ' 
'iisioad Ol V iitiug to fig’a I'l Co Lima aLioi ii bin been scnoiislv wtukom'd by 
its riUtu’, and thou qii ttiug the touiiiry Turn hi, inUicouist with tlie 
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Marqms of Romagna and others, he was also eonvmoed that the Spanish tioops 
might under itnprosed airangenionts have been made moie useful 

Captain Pasley next accompanied the expedition to AValcheien , he was 
employed in leoonnoitrmg the coasts of Cadsand and Walcheien undei tho fire 
of tho enemy’s batteries , and he was present at the siege of Flushing in 1800 
Leading a storming paity of 100 men under Colonel Pack, to ohtuiu possession 
of a French batteiy on the dyke according to his own proposal, he was fiist 
Wounded (though not disabled) by a bayonet in the thigh, and then, aftei 
leaching tho top of the dyke, shot through the body by a French soldrer fiom 
below, belonging to a fresh paity of about sixty whom he challenged to 
suiiendei to twenty men The bullet passed m at one side and out at the othei, 
injuiing the spine m its piogress, and it was hardly expected at first that he 
could looovei Poitions of bone, sash, and clothes came out of the wound aftei- 
waids by degiecs and it rendeiod him incapable of duty for more than a yeai*. 
In consequence of the exhaustion which cxeition pioduced upon him, he almost 
despaiied foi many yews afterwards of being able to continue in tho semoe of 
Ins countiy 

In Noveraboi, 1810, Captain Pasley published the fiist edition of his “Essay 
on the Military Policy and Institutions of the British Einpiie " He had wutten. 
the first and second chapters of this work in the spring of 1808, hut had been 
prevented from oompletmg it by service in Spam and at Waloheien, and by ill 
health consequent upon his wounds This work appeared in a time of great 
national despondency, and its puncipal objects weie to advocate gieatei eneigy 
and peiseveianee in prosecuting tho war with Fiance, judicious ofi’onsivo actioiv 
in the conduct of that wai, and especially a more vigoious policy m Spain, and 
to demonstrate that Great Biitani had “ sufRoieut force and a favourable 
oppoituiiity toi destroying the French empire ” It attracted great attention, 
and was highly appioved on account of tho manly and patriotic spin! which it 
displayed, though the doctiines of political economy which it contained were 
disputed It lan thiough foni editions, the second having been piepaied in 
Maioli, 1811, the third in Ootobei, 1811, and the fourth in November, 1812 It 
was favouiably noticed (by Mr Canning^as was supposed) in the “Quaitcilv 
Review,” of May, 1811, and was stated to havo beta one of the most important 
pohtiool works that had tvei fallen under the observation of tho loviewei The 
opinions It expiossod weie contrasted with the humiliating language then to be 
found in the pages of the Enghah picss, and with the pimolple of hushandmg 
lesouioes vvfiioh was alike the watcfi-woid and the fatal eiroi of the despondepts 

Whilst m command of the Plymouth Cpmpany of Royal Militniy Aitiftoels, 
111 1811, Captain Pasley set himself to coilsidei how impiovcmcnts could best 
be made in tho pi acticc of Military Engineering He had touiid on activ e sei vice 
the seiious disadvantage under ■which the Royal Enginceis labouicd, of having 
no piopeilv educated men at»thoir disposal, and no good systom loi leguktnig 
their opciatioiis, and the lerauindei of his life was chiefly devoted to the supply 
of those Wants Ho visited a Laiicosteiian school in August of that year, and 
comunncid in the next iiioiith to teach his non-commissionod ofiSceix piuotiinl 
goometiT in ijidoi (b.it tlioj might thoioughly understand the use of pkiiB and 

• He took adtantagoof this oppoitunity te teach hiinsoU German amongst other things. 
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Bcotions Findings that the ordinary methods of instruction weie uusuitod to 
his object, he then composed an elaborate treatise on a similar piinciple to the 
systems of Dr Bell and Mi Lanoastoi, to enable the non commissioned offioeis 
to teach themselves and then men without the assistance of mathematical mastoi s, 
and to go thiough their oonises of geometiy m the same manner as thou com 
pany drills or their small aims ei-eicises The system thus oiganized was found 
so successful at Plymouth, that it was laid in March, 1812, befoio a Comraittoo 
of Royal Engmoors, who repoited favourably upon it to the Inspeotoi Genoial 
of Eortifloations, and it was afterwards intioduced on an otteuded scale into the 
schools at Chatham in spite of some objections — one ciitic feaiing that the men 
would become bettei educated than then olEceis, and might bo consulted by the 
Generals commanding 1 His eneigy and success, backed by the lepiesentations 
of the Duke of Wellington from the Peninsula, as to the defective condition ot 
the Engineer Department in the field, resulted in the formation of the Establish 
ment for Eield Instruction at Chatham, and in his appointment to the offioe of 
Director of that establishment by Lord Mulgiave, in June, 1812, with the lank 
of Brevet Major, hack-dated to Febimary of that year He was piomoted to the 
rank of Bievet Lieutenant Colonel in May, 1813, and he became n Lieutenant 
Colonel in the Royal Engmeeis in Deceuiboi, 1814 Following up his designs, 
lie completed a work on. " Militaiy Instiuctiou” in thiee volumes, of which the 
first was published in 1814, and the second and thud in 1817 The fonnor 
contained the oomse of practical geometiy before referred to , the two latter a 
complete treatise on elemcntaiy foitiflcation, including the prmoiples of the 
science, and rules for oonsti notion, many of which apply to civil as well as to 
military woiks 

Finding, in 1817, that his men had been “most giossly lU-tieated by the 
Aimy Biead Contraotoi,” he was led to inqniie into the system under which the 
army was supplied with piovisions , aud he printed and ciiculated, but abstained 
frorn publishing, m 1823, a volume containing the leault of hts in\estigatiOiis, 
entitled, “ An Inquiry into the System of Geneial oi Commissaiiat Contracts 
for supplying His Majesty’s Foicos in Groat Butain with Biead and Meati as 
compaied with that of Regimental Pitichascs, with a locommendution that|tho 
foimer shall he entiiely abolished ” The exposme which ho thus affoided to 
abuses that weie prejudicial to the soldier, and the improvements that ho 
suggested and was paitly the means of mtroduoing, were in themsohes soi vices 
of gieat value In 1818, he published a volume of “ Standing Ordois," coutaiuing 
a perfect code of mihtai y rules foi the duties of all ranks in the ai mj 

Colonel Pasley organised, during hw residence at Chatham*, impiovcd systems 
of telegiaphing, sapping, mining, pontooning, and exploding gunpowder on land 
and in watei, and laid down lules which, being founded on careful expeumonl, 
will always enduio, besides prepaimg pamphlets and couisos of iristi notion on 
these and other subjects The volume which contained his “ Course of Piaotical 
Arohiteotiue” was especially valuable He was on terms of intimate oommuin- 
oation with the Duke of Claienco before hia accession to the thiono, and witli 
his royal brothaia , but be w'os not snffloiontly a courtier to xnofit as ho might 
otheiwise have dono by that mtcioouise His woik on the “Piaotical Opoia- 

• Ip addition to these various ocoppation-., lie employed privates of Sappers to teaoh 
him the native Welsh and lush languages 
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tiona of a Siege,” of which the flist pait was publiahtd m 1829, and the scui 
in 18.32, IS still a tex;t-hook, and the best that has been written in any langiin 
on that hubjoot I.iery opeiatioii in it was treated as a scpaiato study , and 
exposed vaiious rnistalces into which the Goiman authois had fallen II w 
tianslated into Fienoli, and published m Pans in 184“ 

Early in 1831 Colonel Pasley prepaied a pamphlet, and in May 18 J1 he coi 
pletod a volume of 320 pages, entitled “Observations on the Expedicney a 
Practibility of simplifying and improving the Measuies, Weights, and Mon 
used in this countiy, without materially alteimg the piesent standards ” I 
hoped to assist by means of this work in bunging about the dosiiable lesult th 
there should, in the woids of sect, 2 of the Act, cap x , 27th of Qeoige the Thi 
(oidinaoio stapuloium), be “ only one weight, one measure, and one ya 
thioughottt all the land ” In puisuancc of this subject, he strongly advocate 
foi a great pait of lus life, the adoption of the decimal piinoiplo of division 
all its simplicity for our coinage, as well as foi our weights and measuies, ai 
opposed with equal ardour the intioduction of the French units mto this oounti 

He sent to the press m May, 1836, the flist sheets of a work oontaini 
“ Observations on Limes, Caloaieous Cements, Moitais, Stuccos, and Conoie 
and on Puzzolannas, natural and artificial, togethei with lules deduced fio 
numerous expeiiments foi making an Artificial Water Cement, equalm effioien 
to the best natural cements of England, impropeily termed Roman Cements, a: 
an abstiaot of the opinions of iormei authois on the same subjects,” of which t 
flist edition was published in Septembci, 1838 It contained oonsideral 
discoveries, tlie results of expeiimonts at Chatham, and led at once to t 
manufacture, m large quantities, of aitiflcial cements, under the diffeient nan 
of “ Portland Cement,” “ Patent Lithio Cement,” and “ Blue Lias Cement ” 
second edition of this work, which had long been wanted, was pubhshed 
August, 1847 

In connexion with expeimients on the explosion of gunpowder under wat. 
Colonel Pasley was led to undoitake, and successfully to eauy out, the remoi 
of the brig “ William” and the schooner “ Glenmorgan,” fiom the bed of i 
Thames near Gravesend, m the year 1838 He received for this service 1 
thanks of the municipal authonties, and was piesented with the fieedom of I 
City of London in a gold snuff-box of the value of fifty gmneas Embolder 
by the success of these opeiations, he proceeded to execute the more formida 
tasks of clearing away the wieok of the “ Royal Geoige” fiom the anohoiage 
Spvthead, and that of the “ Edgar ” fiom St Helen’s The value of the matei i 
recovered from these vessels was moie than equal to the expense inouiied 
then removal Portions of six successive summcis, from 1839 to 1844 luclnsi 
weie devoted by him to this woik , but he never asked foi nor received fiom i 
Admiralty any lemiineiation for the impoitant services that he icndei'ed in t 
manner to the navy and the^iation 

Colonel Pasley leinained at Chatham till the end of the yeai 1841, when 
was appointed at the age of 61, to the offloe of Inspectoi Gcneial of Railwa 
Luang the 29^ ycais that he was at the bead of the Royal Engineer Estnbli 
meiit, there was haidly any subject connected with hia professions as a militi 
man and an engineer — of mstniction, construction, or destfuction — that did i 
benefit by his attention His presence theie was of the gieatest advantage 
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his LOuntry as well as to his corps The corps of Eoyal Engineeis owes, in fact, 
its existence m its pioaent condition, as well as its high state of efficiency, to his 
oneigy, hia example, and his exertions , and the success of the British aimy m 
many a field has been due in no small degree to the system of instiucfion at 
which he laboured so devotedly, and which he rcndeied so perfect Loid Keane 
was indebted to that system for his brilliant exploit at Ghuznee in 1839* , and, 
as the latest example, it may be stated that the recent war in Now Zealand was 
only bi ought to a close after its adoption by ofiScers (one of them his own son) 
who had leceived inshuction from him at Chatham The easy and bloodless 
(.aptuie of the native pahs, which lesnlted from a systematic cinplo) nicnt of the 
spade, proved at once to then detendeis the hopelessness of furthci lesisfance 

He heoamo a Brevet Colonel on the 22iid of July, 1830, a Colonel of Enguioeis 
on the 12th of November, 1831, and a Major Gcneial in the Anny on the 23id 
ofNovembei, 1841 He received the honoraiy distinction of D C L at Oxfoid 
in 1844 , and in 1846, on relinquishing the appointment of Inspector Geneial of 
Railways, he was made aKCB for geneial scivices lie held the appoint- 
ment of Public Examinei at the East India Company’s Mihtaiy Seminary at 
Addisoomhe foi sixteen years, up to the joar 1805, and took an active pait in its 
management, contiibuting materially to the high standaid which it leaohed and 
at which it was maintained He was elected a Fellow of the Royal Society os 
fai hack as 1816 , ho was also of old standing m the AsUonoinical, the Geolo- 
gical, the Geographical, the Statistical, and other societies, and he lost no oppoi- 
tunity of contiibutiDg to the advancement of piactical science He was also a 
libcial subsciibor to a gieat number of chaiitable institutions 

He oouitod wbat othei people considcied iisk to the end of his days On 
one occasion he went to the bottom of the Medway in a diving bell, to arrange 
and test a code of signals foi use under water A brother officer who aooom- 
jianicd him notioed, to his hoiioi, that the boll was fast sinking in the soft iliud 
on winch they had alighted, and flret lequested, and afteiwaids imploied him 
to make the sign for hoisting it to the sniface He declined, howevei, to do so 
until he had dchheiately completed his code of communications, and until his 
companion had almost givin up all hope of avoiding subaqueous inteiment 

He had no public office after 1865, hut occupied himself chiefly in le-editxng 
Ills woiks, siipenntending the constiuction of pontoon equipages, and in other 
mattei-s eounoeted with his piofession, as well os m advocating the introduction 
of decimal coinage, devoting a large pioportion of his time to the heneftt or 
advancement of his friends and relations Absorbed in these occupations, he 
frequently neglected to take the airland exeiclse necessaij foi health, which 
would piobably have piolonged his valuable life He was piomoted to the 

• During the debate in the House of Commons on the 6th of February, 1840, on the 
vole of thanks to the army after the captuie of Ghuzney, Sir H Hatdmge observed — 
” With respect to Major Thompson, it is not from any wish on my part to uiidenate the 
merits of that able officer, that I fee] it right to state that the inoiit of the invention (by 
the use of which the gate of Ghuvnee had been blown open) so adiniiably emploved by 
hum. IS due to Colonel Paslej, under whom the gallmt officer to whom I loferietl, and 
others, also distinguished officcis, leoeived instruotton ” Sir Hussey Vivian, who fol- 
Joved, said —“I conciu with mj Right Ilonoqrible and gallant friend opposite in 
Blitting thtt to Colonel I’asley is due the tneiil of the discoveiy " 
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lank of Lieutenant Geneinl on the 11th of November, 1801, and to that ot 
Geneial on the 20th ot Septembei, 1860 

He was twice mariied His flist wife died of consumption in a few months 
His second wife died in 1848, and was a seiious loss to him Of six children, 
three survive him He wn,s well and heaity up to within a week of his death, 
but his long life of laboui was bi ought to a close at his residence at 12 , Norfollc 
Ciesccnt, Hide Pnik, fioni congestion of the lungs, on the 19th of Apiil, 1801 
Sii Chailes Pasley’s was no common chaiactei Its piincipnl featme was 
peiseveiance, amounting to pertinacity, in canying through whatevei he undei 
took, almost without considciation for time, trouble, oi iisk Fiom flist to last 
ho evidently expeiienced that intenao desire for distmction which incites to 
noble deeds, emulates to constant labour, and leaves no room for timidity oi 
inistiust He had none of that jealousy of others which such feelings produce 
m loss exalted minds, and which induces them to oppose then progress oi to 
abstain fioni lendering them assistance He was accustomed to voluiiteei 
himself m his eaily yeais foi all services in which danger was to be encomitered 
01 credit to be obtained , and nothing gratified him moie m his old ago than to 
see his sons and otbei young men adopting a similar com se lie appieoiated 
so highly the httle assistance he leceived, and the education that was affoided to 
him in commencing his own life, that he never tued afteiwaids in eniploj uig hia 
influence and his purse in piomotmg the inteiests of those who requued tlicm 
It was a touching spectacle to those who woie neaily associated with him at the 
close of his oaieei to observe, that while he was still engaged m launohmg 5 oung 
tnends and connexions into the world (piepanng them foi examination, 
advanomg then outfits, or providmg foi then education), he was at the same 
time receiving expiessions of gratitude for similai favouis from men who weie 
letiring, 01 had retired, from their professions at the end of then term of service, 
and who did not hesitate to acknowledge that they owed then success lu life to 
his timely assistance and his laige-minded hberalitv 

H W TYLER, 

CajitaiUi Royal Engiueeu 
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PAPER I 

A LETTER FROM 

COLONEL SIR WILLIAM DENISON, K C B , R E , 

TO 

COLONEL HARNESS, C B , R E , 

ON THE INFLUENCE OF RIFLED CANNON AND SMALL 
ARMS ON THE ATTACK AND DEFENCE. 

My Dea.r Hasnkss, 

By the last mail I received no fewer than foui of the Papei s read 
at youi meetings at Chatham, and among them one by Colonel Nelson, on 
Vaulted Revetments, which not only lecalled to my memory some ideas of my 
own vith reference to the constiuction of Revetments and Rampaits at points 
in the enceinte of a woik liable to be bleached, but also led me to think that 
some obseiwations upon the effect of the late unpiovementa in the construction 
and use of both cannon and small arms, in the attack and defence of fortified 
places, would not be unacceptable to you 

I must, however, preface these observahons by a statement that they are 
piincipally suggestive , I do not piopose, indeed the time at my disposal would 
not allow me to attempt, to go fully into the subject, but the sketch which I 
am about to give con easily be corrected, and the details filled in by officers who 
have more time at then disposal, and who will he able, therefore, to investigate 
more closely the relations which will hereaftei exist between the attack and the 
defence ot fortified positions 

As a general rule we find that a fortified town, defended by a competent 
gainson, adequately piovided with ammunition, will succumb after the trenches 
have been opened some six wqpks or two months, if it be left to its own i esources 
solely, and cannot procure aid from without Ihe question we have to consider, 
therefore, is whether, in consequence of the improvement in weapons of offence, 
the length of the siege of any gpven town will be materially lessened or 
prolonged It is admitted that, with perhaps some few exceptions, no place is 
impregnable , that the hesiegoi, if left to himself, will eventually take the place 
What we wish to determine is, whether the use of improved weapons, both by 
besieged and besieger, will modify the relation which exists at present between 
the attack and defence. 'I'he fliat thing we hare to consider is the actual 
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improYement in eannoj) and hmall aitni la vliat dots this consist ^ The icpij 
’Would, I conceiTe, he to the effect that the range of the nnssilea piojectcd fiom 
holh cannon and mnshotry is vciy mnch inci cased, -while the diicction of the fiie 
flora them is much moio acciiiate than heictotoie This additional langc is 
obtained, not by any increase in the initial velout-y of the projectile, but simply 
by incieasuig the weight of the ball and diniinislmig the surface of resistance, 
so that -while the latter is less, the powci of ovci coining it is gi enter The 
accuracy of direction is secniod hy iifling both small aims and ordnance, but to 
the mode of obtaining the resnlts befoie stated, it is not necessary that I should 
fliitlier nllnde, md I may snm np the improvements ou -weapons of offence 
biiefly as follo-ws — 

Piojeotiles lange fmthei, are moio accurately dnccted, and prodnee a gientcr 
effect upon the objects against yluch they aie dnccted, than was the case till 
witlun the last fe-w years. 

These qualities, howevor, of coiirso appeitainto the weapons used in the defence 
as well ns to those used in the attack, and wc have now, therefore, to think oiei 
the action of musketry and cannon both in the attack and defence, in order to 
dotonniiiB on "which side the advantage will pi eponderate Before, howevei, I 
entei upon the diseassidn, I must piemise that I intend my remarks to haio 
reference to fortresses of such a srze, and occupied in such a manner, as -would 
justify a gcncial ra detaching a portion of hia foicc to cany on the siege I do 
not think that we can safely reason upon facts which weie established duiing 
the sioge of Sebastopol This place was occupied— not by a gaiiison — ^but by 
an ai my, and should bo considcied more as a foitified camp than a gariison 
town Again, the attacking foice had its magazines close at hand, it had not to 
prmide tiansport foi stores and ammunition from any distance, and would, 
theiefore, yontuie to expend an amount of ammunition -which, under ordrnaiy 
circumstances, could never be brought up except by water transport. 

I propose then to go through the operations of the siege of a place which, 
hiniig its scarps well coveied so as to oblige the besicgei to establish Ins 
bleaching battenes on the west of the glacis, would, undei ordinary on cum 
stances, probably be found, after six -weeks oi two months of open ticnches, VMth 
a piaoticahlo bicach in the body of the place, the besieger having a secure 
lodgment on the west of tho glacis, and being ready to cany the place by assault, 
should tlie defenders attempt to prolong then resistance I shall not attempt to 
entei into any nice calculations of tho time which would be nhsoibed in this or that 
poition of the attack, but shall assume that neithei the assailants or defendeis 
make any gi eat blunders, that the approaches aio cairied on, subject only to 
tho ordinaiy casualties from tho fiie of aitilleiy and mnsketi-y , that the ground 
is of the oidinaiy description, in fact, 1 shall olmunate eveiy cucurastanco 
which may be thought to give an advantage to one paity oi the othei, and shall 
leave the assailants to make therr way by thenise of tho pick and shovel, 
coveung the workmen with a file mnch moio deadly and destiuctive than any 
hitherto o-vperienced by a besieged town, while I shall suppose the besieged to 
he aupphed -\vith a leasonahle propoition of mihtarj stoies, and to be able to 
bung into action, with an ordrnaiy degree of sleill and dB\terity, those resouices 
■which the improved quality of arms develops 

The fiist offensive opeiation is the openmg of the trenches, that is, the 
constiuction of the flist parallel and tho communications to it from the roar 



INFLUENCF OF RIFLED GALLON, &C , ON TDE ATTACK AND DEEENCE 3 
Tlie object of the besieger is to place the -woiking paities undci coi ci in the 
shortest possible time , it is not his wish to attiact the notice of the be&icgcil to 
woik caiiying on, he does not, theicfoie, make any use of musketiy or cannon, 
but works in silence with the pick and sho\el in hopes ot ha\ing seemed, by 
break of day, cover sufficient to piotect the men cmjiloycd dining the day to 
■widen the pniallel and thicken the painpct 'Ihe usual distance of the fiist 
parallel from the ■woiks is about 600 yards, a distance established under the 
idea that tioops would not be exposed to tho fire of niuskctiy oi grape , that 
esen if the woiking paities weie discoveied earU in the night, tho file biought 
upon them would only be that of cannon with round shot, tho lesult of which 
upon a thin line ot woikmen spread along a distance of 1,000 yaids, nioie or 
less, could be but tufliiig, oven should the besieged be willuig to waste laluablo 
ammunition foi such petty lesnlts As a gciietal lule then, hitherto, the 
trenches have betn opened, and the flist parallel and the appioaches to it 
perfected, without much difficulty or loss 'VVhat, however, will bo the case 
hoieaftei P In the fiist place the camp of the hosicgci must be placed at a much 
gi eater distance flora the foi tress than hexctofoie, otherwise the stoies of gabions 
and fasomea allotted foi the siege will he liable to bo set on flie by shells The 
approaches from the camp to the trenches will have to bo earned much fiirthei 
to the real m oidci to secure fiom the file of the foiticsa the stores, ammuni- 
tion, &o , which must be biought up to the battenes It will be a question 
whethei the first paiallel can, without gi cat iisk, bo opened at so short a distance 
ftom the place as 600 yards, at which the covering party and the 'woikmeu. 
will equally be 'within easy rifle range of tho coveied way The paiallcis and 
appioaches 'will requiie to bo -widened and deepened, as the paiapeta must be 
thickened in order to secure the men m the tionchcs from the heavy shot, ■which 
would pass thiongh the ordinary paiapet of loose earth Up to this point, 
thei efoie, the advantage is on the side of the besiegedi The attacking partj has 
fiuthei to inaich, fuithcr to bnug stoics and ammunition, has moie woik to do, 
and has less moans of lesistmg any soitie which might be made, as he would he 
obliged to bung up and foim his tioops undei the flie of the place 
T he next step is the consti notion of the enfilading battenes, -whioli are to 
keep uiidci tlie fire of the place I will suppose that tho besieged ha\e then 
guns mounted in the mdmoiy mannci , that the embiasuics aio wide mouthed 
iLcipieuts of shot, that the guns aie coveied by a few traveises which hamper 
the moicmcnts ol tioojis all along the lampaits I might imagine the guns 
sunk into the body of the paiapet, made to tiaverse upon centres under the 
muzzles, filing thiough an opening not biggei, noi so big, as tho poit-holo of a 
ship, and this socnicd fuither by a faouig of wuought iron I might suppose 
them covoiod witli splintci-pioofs, forimng a soit of extemporaiy casemate, as 
they aie quite as well adapted to the foimei state of thmgs as to that which has 
replaced it But all these advantages I will foiego The guns aie -woiked m 
emhiasures, the men being pioteoted as best they might he fiom the flie ol the 
riflemen who now occupy the parapet of the first parallel, and who do then best 
to keep down the flie of the artillery directed against the batteries m process of 
foimation The advantages heie are pietty tairly balanced , if anythmg the 
scale prepondeiatos m favour of the besieger, whose rifle fire upon the guns 
may he thought to moie than counter balance the greater accuracy of the fire of 
these, and the greater efiect of the shot. 
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We Will auppote the iicochct batteiies constiucted, and to open then hie 
What will he the effect of then flie 7 At present the shot fired ith n model ate 
Telocity IS pitched ovei the crest of the paiapet and iicocliets, with tiio oi tliiee 
hounds, along the face of the lavclm oi bastion With the hciiV'v shot of the 
Annstrong gun, whose tiajectoxy approximates much moio closely to i sti night 
line, it would ho necessary to lessen the chaige and dimmish tlio initial velocity 
to a gientei extent, or the shot which passes ovei the ciest of the paiiipot will 
not touch the giound till it has langed half the length of the face To do tins 
is to saciifice the peculiar advantage which the weapon holds out, and I do not 
thmk that the flio would be so effective, while it would be fai moie expensive 
than that of the oidinaiy 24-poundei This, howevei, is a mattci winch ought 
to be decided by expeiimeut ,* os to the expense, that is an established tact 

The first paiallel and the enfilade batteries having been constiucted, tlie 
approaches must be pushed on undei oovei of the file of the batteries in v anous 
ways, principally, however, I suppose, by flying sap , it is needless to say much 
about this, or about the construction of the second parallel , the leinailis made 
with leferenoe to the first parallel apply still more stiongly to the second, 
though, of course, the fire of the besieger has commenced to tell upon the 
gairison Fiom the second parallel, however, the approaches must he pushed 
foi wai d by the sap, and to this the increased power of penetration oi the i iflo ball 
the weight of the shot, and the accuiacy of the file of such guns as lemain, 
will piesent a very great obstacle , to resist a rifle hall the gabions must be made 
largei, and consequently heavier and more unmanageable, they will take a 
longei time to fall, the sapper will be exposed to flie longei, and the loss will, 
of course, be gieatei , a steady file of a dozen riflemen and one oi two guns 
upon the head of a sap would make the attempt to push it foi waid most difficult 
and dangeious , with the foimer weapon, the old smooth bore, it was impossible 
to file with any amount of aocmaoy at objects moie than 120 yaids distant— 
that is 60 01 70 yards fiom the foot or the glacis, — ^but with the existing rifles 
the practice at 300 and 400 yards with picked men would he as good as that at 
100 yards with the smooth boro The neaiei the approaches aie pushed to the 
place the more deadly does the fire become, and it would be almost hopeless to 
attempt to form the third paiallel by the sap It is needless to press the com- 
parison faither , it appeals to me that the balance of advantage piepondeiates 
on the side of the defence , that the siege of any given place u ould take longer 
time, under existing eiicumstances, than when the aims used wcio the musket 
and the old 24-pounder, and the loss to the besieger would be gi eater It must 
bo remembered, however, thot this opinion lefeis to tho siege of s, place wheie 
the seal pa aie properly covered, theie is no doubt that a breach would bo made 
moie rapidly, and from a greater distance, by the existing guns, than by the old 
24-pounder, supposing the scaip to be seen to the fiont I have alluded to the 
mode in which the guns in the salients might he piotected, on which I was called 
upon to send in a plan and estimate foi a practice batteiy for the Maiine 
Artillery at Portsmouth I pioposed to place the battery between Southsea 
* A senes of such experiments was carried on by the Ordnance Select Committee a 
short time since, and they leportedas follows —“Armstrong projectiles can be fired at 
high angles with reduced charges, and still retain precision of direction and uniformity 
of range, and are therefore well adapted for ailenomg guns covered by traverses, or foi 
braaobing caponiers and sunken defences, but not so well adapted as romid shot, for 
making small hounds in a work ” (See Paper IV of this volume) — Ed 
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Castle and the entrance of Lang-stone haibom, so as to form an addition to tlie 
coast defence on that side, and ns it -vvas intended to protect the coast from the 
hie of shipping it became an object to place the guns in casemates, and to give 
to these casemates the smallest possible opemng to the exterior , m order to do 
this, and at the same time to give to the guns the maximum amount of lateral 
dciintion, I pioposed to make them tiaveise upon a pivot or point under the 
muzzle, and to tiust to the qnahty of tho stone, -which I proposed to use in very 
massive blocks, to secuie the men and guns fiom the fire of the shipping 

When I went to Sydney, in 1856, 1 had to discuss the question of tho defence 
of the haihoui of Poit Jackson, and as the use of iron was then undei discussion 
both foi ships and batteiies, I pioposed to face the emhrasuie with a plate of 
4 inch iron, six feet sqnaie, making the opemng foi the gun two feet square or 
thereabouts, by which I obtained a lateral denation of 25° on each side of the 
axis of the embreusuie, and a power of elevating the gun 6° and depressing it 3° , 
I could not, liowe-itt, get the non plate foigcd at Sy dney I am now basing a 
model made of tho gun and embiasuie, andpioposeto give 16° de-nation on each 
side of the axis, to bung the muzzle just flush with the non facing of the embia- 
suie, so that the whole will he sunk within an 18 feet paiapot, the lieight of 
which will admit of a aphntci-pioof cover being placed ovei the gun, so that 
tins will, practically, be in a casemate with an opening not rooie than 18 or 20 
inches square My idea is, tliat m a foi ti ess liable to be attacked, a numbei of 
these plates sufficient foi, say, 3 ftonts, should be kept in stoio, and only placed 
on the fiont actually attacked and on those collateral with it 

With reference to Colonel Nelson’s papci upon Vaulted Revetments, I have a 
SOI t of idea that I vyiote to you some y eais ago on tho subject, pi oposiug that the 
amount of masomy now distnbuted m a heavy revetment -with oountoifoits 18 
feet apait, oi theicuhouts, should he distuhnted m a tliin face wall 1' 6" or 1' lOJ" 
thick, with ooiintcifnits, placed so close togethei as to letain the eaith between 
them fi om falling into the ditch by the action of the friction agauist the countei- 
foits , if these counteifoits vveie placed 3 feet apait from centre to ceutie, and 14 
inches thick, and weie tied to the face wall at ceitain intervals by bands of 
hooji lion laid in cement, they might be earned back 19 or 20 feet, making a 
capital foundation foi tho paiapet, piescntmg gieat difficulty to the formation 
of a bleach, affording an oppoi trinity for the consti notion of a gallery, if 
desiiahle, m the middle of tins mixed levetmciit some 8 feet distant fiom the 
taco wall Tho principle of the levetment e« diohaige qould be applied to this 
with great facility, as buck arches or flat stones, if such aie pioouiable, could ho 
placed at inteivals from counterfeit to eounterfoit I should adopt tlus piinoiple 
geneially as being the most economical, hut at points wheie a breach is likely 
to he made I should add to the length of the counteiforts, and take moie 
especial care to lani the eaith between them It seems to me that this would 
he a good substitute foi Nelson's Vaulted Revetments, tho chambeis of which 
have moie the air of casemates 

I have wutten this off m a great bury in order to save the mail, and cannot 
make a copy of it , I place it at your disposal to make snob use as y ou like of it , 
it IS as I said, only suggestive, and I should be glad to see it fully treated by an 
officer capable of doing it justice, excuse scrawl, want of stops, &c , I am m a 
hurry 

Yours very truly, 

W. DENISON 
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M E M O n A N D U M 

FOR THE 

INSPECTOR GENERAL OE FORTIFICATIONS, 

Or THE Results of Examination into the Compaevttve 
Qualities and Eitness for Building PurfoseSj of Samples of 
Stone from different Quarries in the Island of Portland , 
By F A ABEL, F R S , 

CuEMisi or the War Department 

[Pi lilted by authority of the Societaiy of State foi Wai ] 


A collection of twcnty-oight specimens, lepresenting the stone obtained fiom 
JiffLi cut (luni lies and beds on the Island of Portland, has been submitted — 

(1 ) To a careful comparative inspection , 

(2) To e\poiimentB, ha\ing for their object the attainment of oompaiatuo 
data, legal ding 

fa ) The thomioal composition of the stones , 

fh J Their stiength andpowei of icsistmg -weai from mechanical causes , 

fc ) Then porosity, or absorbent power, and consequent susceptibihty to the 
destiuotive effects, mechanical and chemical, of atmospheiio agents 
As legal da chemical composition, the diffeiences, indicated by the analysis of 
the specimens ot stone from diffeient quaiiies, aie only of a tiifling description, 
and not calculated to influeneo m any dciinite mannoi the comparative duiability 
of the diffeient vaneties of stone 

The piopeities which it le eonsideied should, apart from the questions of 
chemical composition and facility of woiking m the mason’s hands, be oombmed 
in a building stone, capable of resisting effectually the fullest oxposuie to atmos- 
pheno influences, are, 

(1 ) Compactness of struotuio or a low degiee of porosity , 

(2) Stiength and baldness (to the greatest extent compatible with the 

working of the stone) 

(3 ) Uiiifoimity of structure 
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The lesults of my e-Apenmcnts show.tliTt all the supcnoi descriptions of “ IVhit- 
5ec?” stone combino stiengtli and compactness in a considoiably highci degree 
than the laiieties ot “ Base-hed” stone Soino hinds of tho “ Whxt-hed" stone, 
hoivo\ci Cie tlioso fiom the New Maggot and Iiiinosthaj Quail ics), though 
lanking with the best as legaids stiength, exhibit a gieatci degico of poiosity 
Again, other "W/itl bed" stones (fiom Old Maggot, AVaj croft, and Independent 
Quai nos) exhibit but little supeiioiity, in point eithci of stiength oi toiiipiiLtness, 
01 ei tho generality of the "Base-bed" stones, and are, mdeed, infeiioi to the 
best “ Base bed ” vaiiety 

Tho “ Base-bed" stones ore, undoubtedlj, more geneially uniform m struotuie 
than those of the “ Whit-bed , ” this being mainly duo to the compniative fieedom 
of the former from distinct petrifactions Though such peti ifactions wei e sliown, 
by tho lesults of expeiimonts, to impait, in many instances, gieat additional 
stiength to the stone, they fteqnently gne use, by then existence, to cavities, 
sometimes of oonsidoiable size, which not only stive to weaken those paitioular 
poitioDs of the stone, but may also, if tlitj exist in proximity to exposed smfacos 
of a block of stone, promote its paitial dismtegiation by the action of fiost 

Gioatei caie is, thoiefoie, unquestionably icquued in tho selection of " Whit 
bed" stone, than need be employed m the case of all the hettei vaiietiea of 
“ Base bed" stone 

I append to this Memoi-andum, m a tabular foim, a statement of the compa- 
rative stiength and compactness of tho diffeient vauotica of stone, as represented 
by the specimens experimented upon, togethei vuth a dosciiption of the 
peculiarities noted, on examination of the specimtns, many ot winch have an 
important bearmg upon the results obtained m tho oxpenmeiits instituted with 
the blocks * 

Tho lesults of my experiments lead me to tho following conolnsions, regarding 
tho oompaiative merits of the vaiious dcsciiptions of Poitland stone m question, 
for building puipioses 

The Beach stone from "TTa? Depaitment” Quaiuj is an invaluable stone for 
external woik, in localitios where veiy consideiable strength, and power of 
losisting meohanical weai, aie lequued (e g m connection with those pioitions 
of woik which may become exposed to the continual abrasive action of water) 

The rough “ Wlai-bed” stone fiom Admnalty Quail y (asiepiesented by speci- 
mens 1 and 2, see table), is also a highly valuable stone foi external woik, of a 
similar kind, where great strength is required, and paitionlarly where the 
numeious megulaiitios in the above Beach stone may bo objectionable 


* Those evpeiiments consisted, chiefly, of caieful determmations — 

(1 ) Of the oompatative ahsorhent power exhibited, under precisely similai conditions, 
hj cubes of the diffeienl stones, and 

(2 ) Of the weight sustained, up to the point of fiaotmo ft * the crushing weights), by 
accurately out cubes of the stones Three onhes of each variety of stone were crushed, 
and the conclusions, as to the comparative strength of the stones, were drawn from the 
mean results thus arrived at These ciuslimg experiineuts were carried out with the 
well-known American mechanical testing machme —F A A 
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The following varieties aie all well calculated foi i denial \voik, and I consider 
that the ordei of then relatiie value is us follows — 
j t Stone from IVai Depai tmenl Quarry, Vein TIM 
I “IVhtt-bLcl" Btow, Admv ally Qaany 
/ "Whil bed” stone, JVeio Mat/qat Qiiany 
I "Base-bed" stone, Admirallq Quart y 
2 < fTliis way be considered quite equal in quality tu Whit bed stime ) 

I " IVhit bed" stone, Inmosthay Quarry 

\ T Paiticulaily adapted froimtstaxtuie and unifonnily fit oinamcntal woil ) 
/ Whit'bed atone, Old Maggot Quai ry 
3 1 fa J Maiked L I 
\ Cb J Mni ked I P and I E 

For internal work, the following rank highest, on account of then unifoimity 
and comparative strength — 

"Base bed" stone, Old Maggot I T 
'< Whit-bed ” stono, Independent Quai ry 
“ Base bed ” stone, Wayci oft Quai ry 
" Base bed” stone, New Maggot Quart y 
The following are infeiioi to those just named, in textuio and unifoimity — 
"IVhit-hed” siono, Waycroft Quany 
"Base-bed ’’ stone, Old Maggot Quart y I E 
"Base-bed” stone, Inmosthay Quart y 

The "Base bed" stone fiom Old Maggot Quarry maikod L I, and that flora 
Independent Quarry, are of low quality, as compaicd with the lemaindor, and 
no reliance can be placed on the duiabihty of the Boaoh stone flora Independent 
Quarry, judging fiom the specimen received 
I may observe that no definite conclusion can be drawn, from the oompaiative 
properties of the specimens of stono from one and the same locality (quarried at 
different periods of time), regarding the influence exerted by exposuiei after 
quariymg, upon the qnahty of the stone 
In the instance of the examples of rough "Whit bed" stones from Admit ally 
Quarry, the speoimeu quarried last autumn was decidedly tho strongest (that 
quairied three yeare ago differed altogether m chaiactei from the other speci- 
mens) The specimens of “ Whit bed” stono from the Admiralty Quat ry were v ery 
much alike m strength , there being a slight difference in favour of that quaiiied 
three years ago In the "Base-bed” specimens, from the same quairy, tho stieugth 
was also found to moroose somewhat with the age of the stone, but, of the 
specimens from the War Depat tment Quarry, the one most recently quai nod 
was considerably stronger than the otheis Hole agam, howovei, tho diffoienco 
must he ascribed to a difference in structure , the other two specimens, (quamed 
last autumn and three years ago) weie in all respects alike 
On the whole, the evidence may be considered as a little in favour of the 
opimoa, that an impiovement m the shength of the stone is effected, to some 
extent, by seasoning 

■Woolwich, October, 1861 
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FORTIFICATION IN IRON. 

By CAPTAIN E F DU CANE, E E. 


Any irapoitant change m the weapons of wai must induce a ooiiespoiiding 
change in the matoiial and design of defensive works "When the siiperioi foice 
of guns ovei the anuent weapons became fuUy evident, masonry ceased gene- 
rally to gii 0 piopei piotectiOD, bnt reqnuod itself to bo protected or concealed, 
and the foims of woiks became materially changed The incieased lange and 
peifeot accuiacy of iiiodem aitillery necessitate some bettei piotection than 
eaith can nffoid The next development of the nit of fortification will piobably 
then ensue fiom tho apphcation of iron in mihtaiy conati notion If the change 
horn eaith to non, as a material, is to bo followed by as great changes m tho 
designs of foits as followed the substitution of earth foi masoniy^.-eui'nitmo 
woiks may be as unlike oui piesent ones os the keep of Do\or Castle is imhke 
the Citadel on the Western Heights 

It IS not likely that tho full extent of the changes nccessaiy will be discovered 
or lecognued immediately It was not till a long ulule aftei the luvontioii of 
cannon that the ncwei modes of consti notion of foiti esses began to be adopted 
Artillery received its great deielopment as a siege weapon in the loth ccntuiy, 
but hi Viollet lo Duo sajs, » foims and auangements weie piesoived so late as 
the 16th oentmy, nowise on a le-vel with tho new means of attack ” 

It IS a fact woithy of bcuig lemembered that one of tho most eventful passages 
m out history turns upon oui having, at that time, fallen behind m the oit of 
fortification, viz — oui expulsion m the 16th oentmy fiom tho largo possessions 
which wo then held in France Louis Napoleon, in tiacing the progress of the 
power of aitilleiv, says — “ The towns defended by the English, and which at 
tho time of the invasion they had token •months to besiege, weio can led in as 
many weeks They had spent 4 months in besieging Haiflcui ui 1440 , 8 months 
in besieging Kouen m 1418 , 10 months in taking Clierbouig m 1418 , whilst in 
1460, the conquest of the whole of Normandy, which it lequued 60 sieges to 
accomphsh, was effected by Chailes Vll in 1 year and 6 days ” This was due 
to oui not having impioved our defences to meet the incieased power of the 
aitilleiy If evei it should happen that our modem fortifications weie put to 
such a practical test, and they weio found to he mfeiioi to the weapons biought 
against them, it is not nnhkely that the position of England might be lost 
beyond recovery, and this consideration shows how impoitant is the duty that 
devob es upon us in particular, to ontioipato as far as possible the changes that 
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may be lendeied necessaiy in the designs of fiituie -noiks, mul 

sliow in -sybat -way om existing defences maj bo bion^bt un lo ”, 

iinpioved m capons of attack, and tlie moie fiocly ide'ns n 

invited on tho Bnbject, the bettei is our chmeo of niiuinn-'' nic 

piacticnl result It is. not probable that the best inaniioi ni 

object will bo hit upon at once bj any single mind "We 1111^”'' ' 

into a common stock and hope only that by oui conjoint ell , i ideas 

this diflicult piohlem may ho found, as it ought to bo, bj tho c'^ ^ solution of 

oips of Engineers 

The first essential of a dofensiie woik is to provide a acue 
the defenders can work then weapons in the gicatest piaeticn'l’i which 

will be well to have some doftmlc me isuio of tho extent to i>bi 1° 
effects this object Goneial Totten, ot tho United States Eiigm*^ 
oaloiilations and expciuiients lospeeting the formei Ho makes some 

a slup with a bioadside of SO guns to be engaged with a case 
two tiers, monilting 48 guns, the guns being 8 inch, lo batteiym 
containing musket balls, and each filing 10 limes in half an 1* oamstei 

foot of tho suifaoo of the batteiy would m that time leccuo 100**"’ sTuaie 

A ceitam embiasuie yhich had been measured had an exie ^ shots 

square feet, so, allowing only half the shot to hit the batterv”*^ 
leooived ynthin the oxtciioi opening of each embiasuio m , would bo 

musket balls Some of these, of course, would stake the cheek"^ I 
cheeks it was found by experiment that 95 pei cent ■^yt^o ^ withflaiing 
those oiroumstances, in half an bout’s filing 2,617 musket ball" ’ under 

in among the 8 or 10 men seiving the gun at each enibiasur pouicd 

aie founded on tho supposition of a battery, whether on land o 
to establish itself within the lange that will allow of grape and 
fired , and, in the for mer case, at all events, this could ahvavs , being 

greater oi less amount of work. But oven this la not ® 

strong’s segment shells, which can be hied as gioat distances a Arm- 

the lesult of delivering, m tlio case of n 20-poundci, upuauls* f 
in every discharge, pieciselym the spot where thej will pioduc°tl 
■With lespect to earthen omhiasuies, a very shoit cxainmati ° effect 

the amount of leal piotection that they afford to the detach 
gun, beyond that of sciecnmg them paitially from view, is m ■'hoiking tho 
indeed, and this part of the question is mostimpoitanta's lespeT 1 
because there are very few cases in which masonry embia de'foncea, 

y oiks to oppose an attack by land ^ now exist m 

The penetiation of a smooth boie 30 poundci (Frenchl mt 
yards, is about 6 feet I do not know the penetration of a ° kOOO 

same distance, hut the penefiation into masonry of a iifled 
IS thiee times that ot a smooth bore of the same ofthbie, t^^’ yards, 

earth is probably, at all events, somewhat gieatci than a'smo into 

the plan and section of an earthen embrasnie (Plate 1), gjyjj, “me Taking 
40“ and a depiession of 10°, it is easily seen that a man does ^ ^^nge of 

tion of even 10 feet of eaith until he is 7 feet on either sifT”* piotec- 

centie of the embiaSurej and he must be 10 feet distant hef^ ‘‘^ny fiom tho 
of earth to covei him Now, a gun detachment, all the t,.,, 

It IS 
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gun, IS iMtlnu tlie foimci limits, and, thoiefoit, is not in lenkty piotected 
ngiimst siege guns \eiy imicli moie than it would bo by a lope mantlet An 
Aimstioiig 40 pouiKki, at 1,000 yaids, can bo depended upon to hit n target of 
9 feet squnic ncailj evoi} time , and no shot would, theiefore, miss n maik of 
20 feet ID width by G feot oi so high, aftei having once got the lange Under 
such ciiciiinstancts it is difficult to say how the nitilleiy defence of a place 
would be CM nod on It wdl be lememheied, as an illustiation of this point, 
that at the taking of the Taku Foits, in China, in 1860, the Taitar guiiiieis 
w CIO found killed at then guns by the Aimstiong segment shells pouied into 
tlie emhrasuies 

It is nimeoesaary to say any moie to show tliat in future neithei stone nor 
caith will answei our puipose, and that oui only couiso will he to shelter oui 
guns behind iron parapets to coi er us against diioet Are But it may be added 
that the necessity of doing tins in laud defences, la even greater, if possible, 
though peihaps not more uigent than m soa defences, inasmuch as the fire fiom 
an attacking batteiy on land la moie accuiate than on boaid ship Furthei 
than this, to protect us against iifle file, which is now effeotiro against such a 
mark as an embiasure would nfiford, at 600 jaida at least, it is absolutely 
necessary that embiasuies should bo fuimshod with some form of mantlet 
closing tho embrasure when not occupied by the gun 

The construction of iron paiapets pioposed is sliown in Plates 1 and 2, 
They are fitted with shutteis, constructed as ivill ho explained fiuthei on 
The mode of putting tho iron together will he explained when speaking of the 
proposed iron foits 

It appears, then, that this is the main point in which existing woiks will 
lequiic stiengthening to meet the impiovemonts m artilleij , but it will be as 
well to mention coitain paiticulai portions of a woik besides the goneial parapets 
whole non may be adopted witb advantage 

We may take a detached foit of the description now being constructed m 
England, as an example We aio at piesent obliged to place our caponiers, 
01 any casemates that flank the ditches, in such a position that an enemy on the 
exteiioi shall not be able to take up the piolongation of the ditch and deshoy 
the caponiers (peihaqis without even seeing them), by means of dropping 
file , as has been repeatedly found to be possible This lestiiction is often very 
incouvonient, and it gives use to this disadvantage, that, as in general, m eider 
to satisfy this condition, the flanlcing fire can come from only one end of the 
ditch, and besides this, it is lathei low down, a good bieaeh would hide a gieat 
pait of the ditch altogether, so that by keepmg on the leverse side of the 
bieaoh, an assaultmg paity could get up, to a great extent, under cover But 
if wo can face these caponiers with, or eonstinot them wholly of non, we 
shall be able to place them at eithci or both ends of the ditch they flank 

lu the case of a ditch lunning along the top of a steep slope, it is sometimes 
extiemely difficult to place the flanking caponier satisfaotouly, because the 
glacis falls away so rapidly that the end of the capoiiioi is not covered in the 
oidmary way If iron could be applied in such a position this difficulty would 
no longer exist 

Theie are oases in our old works wheie flanking casemates are exposed to 
destruotioa from ground, which, when the woiks W'oie constiuoted, was piobably 
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thought too distant to be of an-v consequcuco In such po^.itions, tind gcneiahj 
whciGVGi artillciy liio has to bo ino’cidcd ajjaiubt non slionld be, upplnd to the 
fiont of a ousomatc 

In tho koopa of our detached vroiks non will piovich against in inj' cli(hc,ultiis 
that hai c to be piic-ounlcicd In tho usual soc.tion guen to the Kec-ps, tlio lowei 
till of guns in cnaeiuntea affoids a iiio oyei tho whoh intciioi ot the uoik, tho 
uppci open battoij' eoinmanda tho lampaits and gioiind outside It tlie keep is 
looked at as an iiiteiioi letienchmcut, it seems not unhkcl> tint by the time it 
becomes uocossaiy to mako uae of it, tho lowei tioi maj ho almost oi entiiely 
dostroyod by shot diopped ovoi tho exleiioi imapet A paitnil leniedv foi 
this would bo to dispose tho intoiioi of tlio woik in snob waj as to lie scon tiom 
tho top of the keep, bi raising a glacis in fioiit ot the casomated tici, whieh 
would tlion only command a coicird way lunmng louiid the keep, the eoveied 
way faeilitntingthe letrcat into tho keep, but by lacing the casemates wnth 
uoii they will bo placed at once m poifcct secuutj Iron will baie to bo made 
use of also foi the paiapets of the uppoi tioi, foi the same reason? ns in tho main 
woik, and nij impiession is that tho keep of a woik, at all events thes fighting 
pait of it, should bo entuely of non 

Another good uso of non would be, to place small non block-houses in the 
ooveied-way or m the chemm des-rondes, laige enough to contain fi\e oi si\ men, 
and with Secure communications with the mteiioi j these would be a gieat 
impediment to an attacking enemy 

The gieat mass of eaitbwork in a land foit, howevei, consists of tho lampait, 
■which in most oases must bo laisod to a ceitain height iii oidci to got the 
command which enables the guns to sweep the giound aiouiid it It will still 
ho iiecessaiy to give this command, loi without it the pnfect accuiaey and the 
long 1 ange ot the gun, and tho gieat socuiity m winch it is placed, will bo uttoily 
useless , and tho cheapest and most effective means of piovuhng it will be by 
caith, sometimes with casemates nndei it, as at present 

It will also piohably still bo neoessaiy in many positions to form pait of the 
paiapets of eaith, when tho ciicumfoience of tho space to bo enclosed maj bo 
gieatci than is neoessaiy to accommodate the number of guns to bo mounted, the 
non will in this case be used chiefly in those poitions whoio bnttoiics have to be 
made In a woik with caithcn paiapets each gun takes up a lineal spiioo of about 
■10 feet, winch is neoessaiy in ordci that utter the cmbiasuies aio cut there 
inaj be a moilon of about 10 feet thick at least With non paiapets no moio 
niton at is lequued between the ombiasuics than is sufficient for tho worltmg 
of tho gun On booid ship the space allowed luthoito has not been more 
than 12 or 14 feet, probably it may ho mcieascd to 16 feet, if we giie 
them a space of 18 teet the perimetei of a work with non paiapets to 
accommodate a given number of guns would be less than one-half that of a 
woik of similai strength with earthen paiapets, ^aud, theiefoie, tho enclosed 
space considerably less, which might m many cases be a gieat inconvenience 
In broken country, too, where tho ground on which the works oie situated is 
composed of hiUs with steep sides and comppiafavely flat tops, it is impossible to 
command the surrounding ground from a work of small ciroumfeionce, tho 
positions of the guns must be ex-touded to those places where the form of the 
giound allows of its being seen, or else the whole powei and effect of the woik la 
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cjiluolr lost With the sime extent ol pninpe^asmtlieaithonembiaamcs, eithei 
the aimoinent oi an oik may bo gieatl-^ iiieiLased, oi else instead of distiibuting 
the guns pietty rqiinllj Ihionghout as at picsonl in a detached foi t, the guns 
may be distiibutcd in gioups ol two oi thioe, sepaiatod by an inteiyal of eaithen 
paiapet, which may bo pioiukd with banquettes, and aiianged foi muskctiy 
flic In these intcii ds will be placed tiaioiaes, bombpi oofs, expense maga7ines, 
fuze-fixiiig looms, cko Tlieic 111113'- appeal one disadvantage m placing the guns 
111 gioiips on a lampait instead ol distiibnting them pietty equally, viz , that 
tho file of adjoining groups maj not cioss imnicdiatoly 111 fiont of the woiL, so 
that some space close to thewoikwill bo dcpiivedof aitilleij’- fire, but the extent 
of this space will be much less than with eaithen ombiasures, as tho lateial 
range of guns filing through iron eiiibiasuies will ba so much gioatei 
In oases whoiothc above reasons do not compel the woikto be spiead out, and 
wheie tlio guns liaxe to bo protected liom vcitieal flic, is in some sea defences, 
01 in Iteeps 01 lotienchmeuts, tho best couise, as it seems to me, will bo to toiui 
the woik wholly ol non, and not hy combining non and masoniy 

There is gieat disadvantage in using non foi tho embiasuies of casemates of the 
ordinary desoiiption, composed of masomy piers and niches (Plato 2, Fig 1) If 
only tho fiont of the oasomato is of non, which is backed up by the luasoniy of 
the pier, tho jimction between the two mateiials is alw ays a weak point , the 
corners of tho masonry aio liable to he easily knocked off, and the adjoining 
poitions which fonn tho backing to the non plating get veiy much shaken, 
so as to deprive the lattei of its suppoit Tho piei also has to be out away so 
much to allow the woiking of tho gun that tho thickness on which the non 
facing depends is not very gieat In fact, that pait of the woik on which the 
■whole effloionoy of its piotcction depends, is the most vulneiable If the pieis 
are much damaged tho non lacing may be diiven in, although itself poihaps 
uiiliuit , and, ol couise, it the damage is earned very much fmther, the aiehes 
might come down and tho whole stiuotuic bciuuied 
It may be said that the picis aieno weaker than in a sea battoiy 01 keep 
composed entuely of masonry , but in these cases the piers, which aio, as has 
been said, tho most impoitant paits, aro also thestiongest Thsstiength of the 
work IS measured by that of its weakest part, so that you have still only a 
masonry woik a little stiongei than befoio, not an non one 
It would, of course, be possible to pi oteot tho masomy pier itself with 11 on , but 
this does not get ovei the difficulty that tho iron facing is suppoited by a 
masonry piei, which gets moio damaged by the shots that stiike the soieen than 
tho soieon itself, moieover, one feels lehietant to go to tho immense expense 
of pi otectmg great blocks of stone by so costly amatenal, and tho suggestion 
foioes itself on one, why should the foit ba oncumbeiod -with this gloat holpless 
mass of masonry, a somee of weakness and voiy much m the way ? Can we not 
get lid of it altogethei, and %o rendei the whole space protected by tho non 
available for working the guns, &o , instead of filhng up nearly one-fifth of the 
length by these massive piers ? The difficulty that meets us hero, is, how to 
carry the arches that protect the fort fiom veitical file , and that suggests 
getting rid of the aiches too, and foi'ming the piotection both against lertioal 
and hoiizontal flie by non alone 
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It IS pinposed, tlioiofoie, to substitute for thoni'isoniy baekiu", non pillais 
(Plate 2), about 4 feet in the clear apart, foimul on the piiiiciple adopted lu 
tubulai giidcis, composed of non plates, fiom 1 inch to 1^ inch thick each, and 
18 inches deep, connected by moans of angle non in the usual m iimci , igamst 
these tviU be placed the non facing which will be connected to tho tubulin pilltn s 
by iron ties as shown not h^ holts This non wall is cairud up 15 feet 
vertically, two tieia of guns being placed behind this poition, ahoac that height 
it IS earned at a slope of 45° on a training of exactly similai dcscriptiou, and in 
this way tho covei against xcitienlfiie is obtained without anj ot tho eneuin- 
hrance of masoniy piers in the battery This mode of ohtaiiiiiig the covei lioni 
vertical firo has also the great advantage that it foims also a scieen against 
horizontal fire, and a position from hehnid which both acitical and hoiuontal 
fire can be delncied 

At the hack of the batteiy la a senes of casemates of tho ordinal y oon- 
struotion, piovidod foi the puipose of gning bombpioof aceoimuodatiou to 
the gariison, stores, and magazines Ihe floois or platfoims, mi w'hioh the 
guns work, are foimed by buck oi ooucioto aiches turned between non 
girders, tho gudeis being atone end snppoited by the tubulai pillais, with 
which, they aie connected by angle uou, and at the othci by the walls of tho 
casemates in rear, so that they act as ties to the fiont will and loof of non 
The uppei end of the fiame of the loof lests against tho solid mass of masoniy 
01 oonoiete on the top of the aioh, nn inteimediate backing of wmod beuig 
inteiposed to hieok the foice of concussion Iho top at the masonry casemates 
forms tho teireplein of an open batteiy, the paiapot of which is made ot iron, 
and coustiuotod sunilaily to the other pait In older to gi-\ e a oei tain command 
to the lowoi tiei ol guns the foit is laised on masonry oi oonoiete walls, tho 
space thus gained under the battery is available foi oaaemated stoies, magazines, 
bariaoks, &o These casemates are piotooted m front by a solid mass of earth 

The detached fort here shown (Plate 2) is assumed to be in a position wheie 
it could not ho attaokei by aitilleiyin the i ear, so that thcie is no object in 
making that paitof iron It could not bo taken either by bleaching oi by 
escalade It would be impossible foi an enemy to get up the vortical pait and 
then up the long steep slope, and even if they did, tho defendeis inside tho 
foit would still remain equally secure They could not creep in at the embia- 
sures, of course, while the men were at tho guns, and at othei times those 
openings would he shut by the shutters Moreovei, if it were possible by some 
great chance or surprise to penetrate m this way within the uon screen, the 
whole of the battery is commanded from the casemates m leai, so that no result 
could arrive fiom then doing so The only one of tho modes of attack now in 
use that could be employed egamst such an iron fort, is that of mining To 
provide against this it is proposed to dig a ditch 12 oi 15 feet deep louud the 
fort, and form a galleiy round the countei scarp, foom which counteimmes could 
he lun out As the foit would never ho deprived ol the command ahovo gionnd, 
an enemy’s minei would have to bogm at a consideiablo distance, and this 
alone would, in some places lendei such an attack impossible at once j in 
other places their resistance would be so much piolonged, beyond even what 
IS possible with coimtermiues at piesent, that it wsnld piaotically amount 
to the same thing 
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Witt respect to tlic cost of a foit of this kind, I believe tbnt it would not be 
luoie than t bat of one of the oidmai v kind hiving tho sanie aimament, the same 
accommo a ion, an e highest degiee of sticiigth of which such a fort la 
capa e a oompni e yith a foi t wholly oi mainly of masoniy, that is in which 
le uon IS app le o y o the embiasuies, the uon fort being veiy considerably 
ess in area, leguiics piopoitionnlly smallei foundations, an immense advantage 
1,1 respect of economy lu some situations The mterioi of the woik is fai mote 
open an ree an w en each gun is sepaiated ofi by thick walls of masomy, 
an is gives giea w vantage m facilitating communication, supeuntendence, 
&c , and may permit the space allotted to each gun to be diminished 
1 11 ° ^ ‘^°*Niection of the facing with the suppoits in leai, 

almost all the ezpeiiiiients that have been made tend to show that bolting is a 
veiy giea somoo o wea cness and dangei The bolt-holes weaken the plates, 
the holts break and Hj about the casemates, if the heads of the bolts aie 
plates uiidei the gieat strain put upon them, and 
11 1, If to have been contiued of providing against the 

Stiuok by shot^°^^*’ dehoction and leactiouof tho plates when 

It seems veiy desii able that some measurement should he made of the deflec- 
hon of p ates m^oi the shock of a shot It would then be known what amount 
of play should ho allowed m the fastening of tho bolts When once a ooircot 
1 ea on at, it may piobably be provided for ns well as, and 

pel laps y similar means to those by which, tho immense shocks the 

eaiiiages and engines have to withstand in lailway tiavelling aie met, namely, 
by a poweiful eombmation of springs and buffers" Tho boUs instead of being 

"Zot ir« ft "iJlS iZtoZ S' iiy 


It must, however, he leniembered that most of tho evipeiimenta that have 
aken P ace have been against 4i-inoh plates, such as ore suitable foi non ships , 
u as le 1C i.nes3 o iron for foits must he much gieatei than this, the deflec- 
tion and the difficulty It causes in lespeet of fastening, must be much less 

’ Ti ° J^t^'antages m loapect of strength and eLonomy 

If tlie bolts can be diminished m number or done away with altogether It also 
seems ® ° contiivo some plan by which the platos forming tho 

aoing s a e on e ogether and suppoiheaeh other, and not he biought into 
acUon each by itself, witU only the suppoit it deiives hom the back 

ese a van a^os wi 1, it thought, be gained by the pimoiple ot 

eonstiuehon shown in Plato 1, wheie each plate of non is shaped 
some mg m bji oidinaiy gh-der, that is with two flanges connected by 
awe e c ness of each of the flanges and depth of web is 4 niches, 
giving a 0 a e ness to the facing of Ki inches, the lengtli of tho extenoi 
flanges IS about 14 inches, of the mteiior 10 oi 11 inches, and of the wob 3 
mches The form of these plates is the most advantageous m which non can he 
disposed for beoiing weight, and perhaps, thoietoie, for resisting impact If a 
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shot struck the joint of the ontei plate it would he met by tho full depth of 1 2 
inches solid of the mnor plate, and it would bo quite impossible foi a shot to get 
through by lifting a plate off the one below it, as it did on tho Thin novel olt 
shield. It has been said of lollcd plates that a oeitain disadvantage niiaes liom 
the imperfection of tho welding when the edges aie pieseiited to the blow ot the 
shot , with this plan the face of the non can, if nccessai y, he put outside instead 
of tho edge , or if that opinion should be erroneous the plates can be formed so 
as to pieseiit the edge outside I have ascertained fiom one ot the largest non 
naanufacturera that these bars can be made without difficulty, and at a cost of 
£15 a ton Ribs aie placed behind those plates, so as to give a bioad base to 
prevent the screen being knocked light ovei , and m ordei to connect the whole 
together veitioally a thick plate la placed outside opposite each nb, bent tbiough 
the wall, above and below, and fastened on to or aiound tho nb in leai liiese 
tying pieces can be made any thickness that may be necessaij to secure them 
against damage, and they can be placed edge to front, so as to he as little 
damaged as possible by being stiuok It will take a gieat deal of the greatest 
possible damage to lender any of them peifectly useless The numbei of them 
IS too great to make the destiuction of a few of them of any impoi tauce, and tho 
constraotion of the facing is such that even if they weio all damaged the stiengtli 
of the shield would only be unpaiied to a %ery small extent In the foit theie 
aie two sets of ties to each nb, which bieak joint, ns it weie, vvith each other , 
they are bent round the iibs and requiie no bolts It will bo easily seen that 
these plates can be put togethei to make up any thickness of facing that evpeii* 
nient may show to be necessary Thoie may be some advantage in placing 
sheets of lead between tho diffeient vcihcal layeis of the facing, to bioak the 
cononsaion, and to make up foi any uiegulautj of dimensions in the manufacture 
of the jilates 

In the foit (Plate 2) the thickness of the vertioal portion is 16 inches, that 
of the inclined part 12 inches , which gives an equal thickness of 16 mohes m a 
Vertical or a hoiizontal ,diieotion As the velocity of a shell falling is nevei so 
gieat as the initial velocity ot a shot fiied hoiuoiitally with a full ohaige, the 
tliiokneas that suffices against tho latter is ample against the fornioi 

Theie is anothei class of positions in which a gieat advantage will ho gamed 
bv the use of non foi parapets, and in which a combination of iron and masonry 
may, with advantage, be employed It frequently happens that it is desirable 
to occupy some ground by a small defensible work that shall mount tliree or 
loui guns sweeping the gionnd lu eveiy diieotion, and contain also a certain 
amount ot bomb-pioof cover Foi icstance, wheie tho object is meiely to have 
a small defeasible post on a ceitain spot to piev'oiit an enemy fiom gettmg 
possession of it, or to have a post connecting two maw works m a chain of forts 
In many such cases, especially on the continent, well flanlced towers, with 
parapets of mosoniy just sweeping the giound*aiound them, have been placed 
m such positioiib, and as i aspects size, economy, and convenienoo of anange- 
ment these answoied the purpose veiy well But for a land work a masoniy 
parapet ought never to be used, and if eaith is substituted the exteiior diametei 
of the woik must be at least doubled , peihaps, instead of being 50 oi 60 feet 
exterior diameter it becomes 120 feet, a length which is too great to allow of 
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tlie casemates being properly lighted and ventilated, and moderately convenient 
The only alternative, then, seems to be to make the woik still laiger, so as to 
have some open space m the eentie, and then it tends to become a woik of a 
highei class and moie expensive than the position reqnires All these moon- 
venienccB aie done away with by the small width taken up by an iron paiapet 

Plate 3 shows how such a woik might be built The plan is almost that of 
foui capomcis joined togethci, mutually flanking one another The upper 
stoiy has four additional sides, got by aiching aexoss the le entering angles 
The lion paiapet follows the plan of the upper stoiy, all the masonry is well 
sunk below the giound, and the uonbatteiy at top is so formed as to give cover 
fiom veitical os well as from hoiissontal fire The magaismo is at bottom, and 
communioates with all the floors by a well, round which the staiis wind 

Supposmg an efiective soieen oi paiapet to be provided foi a foit oi batteiy, 
there still lemains something else to be done to make the detachment seiving 
the guns propeily secnie, and tliat is to provide the smallest possible embiasuie 
that will give the gun as much play latoially and veitically as is requiied, and 
a mantlet oi shuttei of some kind to close the embiasure when not occupied by 
the gun 

With respect to the width of the embiasuie the smallest space will bo obtained 
by supposing the gun to be framed light and left on a point about a foot behind 
the muzzle as a centre, and supposing the muzzle to piojeot about 1 foot 
out of the embiozuie when the gnu is standmg peipendiculai to the paiapet 
This will insure the discharge being always made outside the opening and not 
against the cheeks The width of the ombrasuie, then, is hoidly more than the 
space actually occupied by the gun But with respect to the height the case is 
diffeient, because as the gun is elevated oi depiessed on the tiunnions as an 
axis, tlio mnz/le leqmies a considoiably laigei space to woik in a vertical 
diieotioii than it occupies in any one position The dmieiisiona, theiefore, that 
uio nooessaiy foi a heavy' gun, say a 100-pouudei Armstiong, to woik in, having 
a lateral range ol 60°, elevation of 10°, and a depiession of 10°, aie 2 feet -wide 
by 3 feet 3 inches high, although foi aiij one dischaige no greatei space than 
2 feet by 2 feet is lequiied At uOO oi GOO yards an Enfield rifle would make 
suie of such a maik every time 

The flifat thing that suggests itself is to try and make the space foi elevafron 
and depiession, as close as that foi lateial lange, which might be done, if we 
could get a practicable plan for elevating and depressing on the muzzle as a 
centie Methods of domg this have been suggested both in this countiy and on 
the continent , and if any should succeed, smee a breech loading gun mounted 
on a shdmg cairiage would not leave the embiasuie unoccupied for more than a 
moment or so, there might be no great necessity for a shutter, foi the gun 
itself would close neatly the whole opomng, but at present it is neoessaiy to 
provide some means of protectfcg the opening when not occupied by the gun 
A shutter that opens, as moat do, like a casement window, falling back against 
the cheeks of the embiasuie, opens out the whole height of tho embi-asuie every 
disehargo, whethei the gun may be flung with 10° elevation or 10° depression , it 
unooveia, in fact, almost twice as much space as is necessary foi the gun to fire j 
it cannot, therefore, fulfil all the pniposes of a shuttei, which demand that there 
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sliall 1)6 no opening but wbatig filled by the gun The only -wav to efieoi 
tins object is to hang the shutters fiom the top and bottom of the embrnsure ni 
such a way that that part of tho height, which w not letpiiiccl for the paitioiilai 
eleTatiQii the gun may be filing at, may lemam closed e\m when the gun !=• 
lun out 

It IS proposed to attain this result in the following way Tho non plate, of 
which tlie shutter IS composed, IS divided hoiizontally into two paita of equal 
weight, and together a httlo laigei than the ctnhrasine opening, connected hy a 
rope passing ovei a block fixed above tho emhiasme and woiking up and down 
111 slides, whioh may he eithei of wood oi of non, at the sides of tho eiiibiasuii 
(Plate 1) As tho twopaits of tho shuttei balance one another, tho smallest 
possible pressuic is sufSoiont to open or shut them, and in whatevei position 
they may be placed they will icniain Supposing it is thought that it will bo 
neoessaiy to fiie the gun both at low and high elevations, the shutters will be 
so hung tliat the shutters meet in tho middle, and just as ranch will he opened 
as will admit the muzzle of the gun But moat piobably, when an enemy is so 
near that the mantlet is neoessaiy at all, the flung will bo piincipally at low 
elevations, or point blank, oi depiessions, so that it ought to allow of tho uppei 
pait of the emhrasme being kept permanently closed To do this it is onlj 
necessary to hang the lowei shuttei on the lowoi loop, and then when the 
shutteis aie opened to allow tho gun to flie point blank oi to have a depiession, 
tho uppei portion of the embiasuie will still bo closed It would be voiy easy, 
if it was thought woitli while, to connect the shutters with the gun, so that 
they would be closed hy the action of the lecoil A shuttei of this kiud has 
ofhei great advantages ov ei those woikmg on hinges, that all its fixings are out 
of tho way of damage, which it is impossible to effect in the lattei desoiiptiou , 
and besides, if thought piopcr, it can be kept out of the way altogether, which 
may ho very desirable undei artilleiy file, because if a shot strikes the shuttei 
the flagmen ts it carries m with it may do as much damage as the shot itself I 
do not know why shutters hko this should not bo mado of thick metal, stiong 
enough to lesist shot those shown in the Plate aie 4 inches thick 

111 these few lemaiks I have ondeaioured to show that we must be prepnicd 
to see ladicul changes in tho designs of oui land defences follow from thopoifec' 
tion to which artiUciy is now biought, that this necessitates the use of wioiight 
■jTon as a piincipol mateiial, not as an nccessoiy, and I have endeavoured to 
sliow both how the non may he put togethei and what foim a fort of that 
rantenal may take It is to the splutiou of this piohlera that our attention 
ought now be bent I shall be glad if I have contiibuted anythmg towards the 
desired result 


E F DU CANE, 

Cnpt , R E 
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PAPER IV. 

ON THE APPLICATION OF RIFLED CANNON 

TO THE 

OPERATION OF BREACHING UNSEEN DEFENCES 
BY HIGH ANGLE FIRING. 

B7 COLONEL LEFROY, RA, FRS 
[Eitraoted, by permission, from the Proceedings of the Royal Artillery Institution ] 

1 The piesent notes have teference to a question ■which arose on one of the 
preceding' papers, -when it was lend a few weeks amco at this Institution, and 
which was expressed in the following terms — “ lYhat is the greatest amount 
of curve that can be given to the Armstiongpiojoctile, still pieserving its power 
of penetration, and limited to what range f ” The question had lefeienoe to the 
practibihty of bleaching inosoni'y concealed by eaithwoik m front of it as for 
example m finng ovei the ciest of a glacis against an escarp unseen, and it is 
evident that m replying to it we must take the case of some particular projectile, 
and assume some definite lesistanoe Foi leasons which will presently appear, 
the 12-pr and 20 pi guns may he at once given up, as too light for the task 
I shall assume therefore that the batteiing gun is not less in calibre than a 
iO-pr , and the eseaj;p built of good brickwork 

2 In this foi-m the question is, — What are the smallest 40 pr charges which 
wiU secure a seivioeable degree of penetrating power at given distances ? 

To have a consideiaWe descending angle we must have high angles of elevation 
To combme high angles of elevation with a limited lange we must use a small 
chaige, the smallei the chaige that ivill do the work, the lower in veitioal 
descent may we go, and the gieater the ehoico of position foi the battery The 
famous expeiiments made in this garrison by order of the Duke of Wellmgton, 
lU 1822 and 1824, fmmsh the first and most obvious standard of comparison 

The oxpoiimental practice of 1822, it will be remembered, was at a screen, 
and chiefly intended to famish data for an actual operation of breaching I 
extract an account of it from a manuaciipt m my possession in the handwntmg 
of the late Sir Alexander Dickson, n name never to be mentioned by the artil- 
leryman without honour It seems to be the draught of a report, hut whether 
of a leport actually rendered does not appear Referring the reader to the 
Appendix (p 29,) foi this document, it wiE he snffioient to say that it concludes 
by stating that the lO-in howitaer, 8-in howitzer, and 68-pr coironade, had 
proved themselves the most efiicient pieces for this desciiption of file, and by 
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iccoinmending fuither eYpeuments with them against an actual Carnot’s wall 
'llic angle of tlovalion waste bo 15°, and the chaiges adjusted accordingly, 
howLiei, as we shall see piescntly, it -was not actually so gieat The wall was 
elected m the sumnioi ot 1823 It was 31 ft high, 7 ft thick at the bottom, 
and fa ft thick at the top, with a fiontage of 30 ft , strengthened at either end 
by a countcifoit 1ft squaie, theie was one loop-hole about the centre It was 
coieied bi a counteiguaid of eaith of the same height, the crest of which was 
00 ft distant, as shewn by the annexed section * 

3 In the instiuetions to the oCScei coinmanduig the batteiy, the object of the 
expel iment was stated to be “to determine whethei the detached wall, which is 
covered by a oounteiguard, and not iisible fiom the batteiies, can be breached 
so as to lendoi an assault practicable " The instiuetions go on to say, (2) " The 
jiidnance used, aio 10-in and 8-in non howitzers, flung hvo shells filled with 
powdei, and 68-pi oaiionades flung sohd shot (3) The howitzers and some 
of the carionades aie on gairison caiiiages placed on laised tiaveising platforms, 
solely with the view of laismg these pieces to the coireot level, the icst of the 
oarronados ai 0 tncioly on gaiiison carnages placed on common platfoims, the 
difference of level being disiegaided (4) The oidnanoe ale all pioposed to be 
fired at an elevation of 15° above the ciest of the counterguard, and the charges, 
which will not be changed, are regulated accoidingly, as the shot and shells 
are wished just to giaze the oiest, the elevation will be varied in any tufling 
degree to accommodate itself to this intention, hut when the exact elev ation for 
each battery shall have been determined by caioful observation of the first few 
rounds, this elevation will be steadily adboied to during the whole filing 

(8) The battenes will as much as possible be flied in salvos, this mode of finng 
being evidently the most favouiable for bleaching the wall (9) The fuzes for 
the shells are intended to be so out as to ensure that the shells stake the wall 
before they explode ” 

4 The repovt of the practice has been punted by Sii Howaid Douglas in his 
“ Observations on Modern bystems of Fortification ” (1839), but as that work 
may not be at hand, I reproduce it in the Appendix • The ranges, elevations, 
and chaiges, were as follows — 

Three lO-in iron howitzers at 600 yards, charge lib S oz , elevation 12i°, 
reduced on the third day of practice to I lb 2 oz , elevation 13}° 

Three 8-in howitzers at 400 yards . charge 11 oz , elevation 135° 

Eight 68 pr oarronadea, firing shot, at WO yards, charge I lb the first two days, 
reduced to 14 oz the third day , elevation 13° to 14° 

Thei 10-in and 8-in shells weie at first fired with then full bursting charges 
of 5 lbs and 2^ lbs lespectively , but iii consequence of some danger apprehended 
fiom the sphnteis, these Weie deduced to 2 lbs 14 oz , oi 3 lbs for the 10-m , 
11b 14 oz or 2 lbs foi the 8-in howitzei The geneial result was that out of 
3436 rounds filed, 202 shells and 289 shot took effect on the wall, being about 
ona-sevpith (0 146) of the whole , out of the remaimug 2945 lonnds, lOUO took 
effect on the counterguaid, and 608 on the rampoit behind the wall, the 
• This Section and the Report of tho Practice (Appendix No 2) are omitted, as they 
are contunod jn Vol, 11, ■Corps Papers Quarto Series, and m the Aide-MSmoite, at the 
end of the article on Permanent Fortiflcatien.— Eo 
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[Extracted, by permission, from tlie Proceedings of the Royal Aitillery Institution ] 

1 The piesent notes have lefeience to a question which arose on one of tl 
pi Deeding papers, when it was lead a fow weeks since at this Institution, ar 
which was e\.piessod tn the following terns — “'Whnt is the greatest araoui 
oi curve that can be given to the Aimstioiigpiojoctile, still piesciiing its pow 
of peuetiation, and limited to what langcf” The question had reference to tl 
praotibihty of bleaching inasoniy concealed by carthuoik in fiont of it as f 
example in flimg ovci the crest of a glacis against an escaip unsoon , and it 
evident that m leplying to it we must take the case of some partioulai projcotil 
and assume some definite lesistanee Foi leasons which wiR piesently appeo 
the 12-pv and 20-pi guns may be at once given up, as too light foi the tas 
I shall assume therefore that the battoiing gun is not less in cahbre than 
40-pr , and the escarp built of good biickwoiL 

2 In this form the question is, — ^What are the smallest 40-pr charges whn 
wiE secure a serviceable degiee of penetiating piower at gnon distanoes ? 

To have a oonsideiable descending angle we must have high angles of elevatio 
To oombme high angles of elevation with a limited range we must use a sm; 
ohaige , the smaller the charge that will do the work, the lower in veitic 
descent may wo go, and the gieater the choice of position foi the battery T 
famous expeiiments made in this gairison by eider of the Duke ot Wellingtc 
111 1822 and 1824, fuinish the first and most obvioue. standard of comparison 

The experimental practice of 1822, it will be remembered, was at a scree 
and chiefly intended to furnish data foi an aotual operation of breaching 
extract an account of it from a manuscript in my possession m tho handwntn 
of the late Sir Alexandei Dickson, a name never to he mentioned by the ait 
leiyman without honour It seems to be the draught of a report, hut whoth 
of a leport actually rendeied does not appear Eefeirmg the reader to t 
Appendix (p 29,) for this document, it will he suifioient to say that it oonclud 
by stating that the 10-in howitzer, 8-in howitzer, and 08-pr oarronade, h 
proved themselves the most efficient pieces foi this description of fiie, and 1 
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ictommcBclmg fuillier o\penments With them against nu actual Carnot's w 
'1 ho angle ol ckintiou was to be 16°, and the chaiges adjusted accoulmf 
liowLici, ns uc sh ill see picsendy. It was not actunllj" ao gient The wall 
elected lathe suiiuiiei ot 1826 It was 21 ft high, 7 ft thick at the bott 
and b ft thick at the top, with o li outage of 30 ft , strengthened at either 
h\ a comiteifoit -Ift squaie , thoie was one loop-hole about the centre It 
coieicd be a eouiiteigiiaid of enith ot the same height, the crest of which 
bOlt distant, as shewn by the niinevcd sectiou * 

3 In the nistmctions to the ofBcei commanding the battciy, the object of 

expciimeiit was stated to be “to deteimine whcthei the detached wall, whic 
ooTered by a counteigiiaid, and not -visible fiom the battenes, can be breac 
so as to lendei an assault pi actioabk ” Tho instructions go on to say, (2) “ ' 
Xirduauoe used aie 10-in and 8 in non howitzers, filing hi e shells filled y 
powder, and 68-pi oaiiouiides firing sohd shot (3) The howitzeis and si 
of the eanonades aie on gaiiison carnages placed on laised tiaveismg platfor 
solely with the view of raising these pieces to tho correct level , tho lest of 
carronades aio meioly on gaiiison carnages placed on conmion platforms, 
difference of level being disiegaided (4) The oidnanoe ale all pioposedti 
fired at an elevation ot 15° above the crest of the counleiguaid, and the char 
which will not be changed, are legulated accordingly, as the shot and si 
are washed just to graze the crest, tho elevation will be waned m any trifl 
degiee to accommodate itself to this intention, but when the exact elewabon 
each battery shall have been determined by caieful observation of tho flist 
rounds, this elevation will be steadily adheied to dunug the whole firing 
(8) The hatteiaes will as much as possible be fired in salv os, this mode of fii 
being evidently tho mosl favourable foi breaching the wall (9) Tho fazes 
the shells are intended to he so cut as to ensme that the shells stiike tho v 
before they explode ” „ 

4 The repoit of the pinctice has been punted by Sii Howaid Douglas in 
“ Observations on Modern bj stems of Foitiftcatvon ” (1859), but as thatw 
may not bo at hand, I leproduce it in the Appendix * The langcs, olevntn 
and charges, were as follows — 

Three lO-in iron howitzers at 600 jards, charge lib 3 oz , elevation 1 
reduced on the third day of practice to ] lb 2 oz , elevation 13i° 

Three 8-ni howitzers vt 400 yards , charge 11 oz , elevation 18J° 

Eight 68 pr carronades, firing shot, at 400 yards , cliarge 1 lb the first two d 
reduced to 14 oz the third day , elevation 13° to 14° 

'Ihs 10-in and 8-in shells vveie at flist fired with their fall buistmg ohai 
of 6 lbs and 2® lbs lespeotivoly , but in consequence of some dangei appi chen 
from the sphnteis, these were licdnced to 2 lbs 14 oz , oi 3 Ihs for the 10 
1 lb 14 oz or 2 lbs foi tho 8-in howitzer Tho geneial result was that ou 
3436 rounds fired, 202 shells and 289 shot took effect on the wall, being al 
(0 146) of the whole , out of the lomamiug 2945 rounds, 10(10 i 
efieet on the counterguard, and 608 on the rampart behind the wall, 
• This Seotion and the Report of the Fiactioe (Appendix No 2) are omitted, as 
ate coatamed m Vol II, Corps Papers, Quarto Senes, and In the Aide-M6inoire, a 
end of tho article on Permanent Foftificattoa.— E b. 
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bleaching eftect is entiioly due to tlio 491 lounds which shuck the wall itsoll 
Many shots were noted to pass a htllo to the light oi Idtwhuh would liavu 
shuck a defence of less limited fiontage, md liaYe conhihuted to the icsiilt 

One huudied lounds pei jiiecc, 1100 mall, niado a pi'ieticablo hi ouch 14 ft 
wide , CO more lounda per piece, 2100 in all, made the hi each coiiipkte in eicry 
lespect The lubhish was then cleaicd away both before and holimd, ivhcii 85 
rounds pei hointzer, and 100 jiei cnironade (1910 iiounds) completed the 
demolition of the pait which lemained 

6 Such then having been the effect pioduced by shot weighing G6 2 lbs , and 
shells weighing lespectively 90 lbs and 18 5 lbs , flrtd w ith low velocities, let us 
proceed to oompaie thou eftcctivo poweis with tliosc of oui eyisting rifled cannon 
projectiles It is necessary foi this puipose to asceitaiii then initial velocities, 
which has been done by Lieutenant W II Noble, EA, with Nave/’ electio- 
balhsho apparatus, as follows — 


TABLE I 



The nest table contains the value of ^ foi each of the ahoto piojeetiles, 
and the velocity which, will give the same value for the 40 pr , 70-pi , 7-in 
howitzer or 110-pi gun, and 7-in moitar shells Here w is the lemaining 
Telocity on impact 

TABLE II 



♦ The unit of weight taken is the ton instead of the pound, to give these lelati 
quantities in terms mote easily compared In the common notation of foot pounds, i 
should have for the 08 pr, earronade — 667128 
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6 ^Yc 9C0 at onto tliiit Aen moclci it c m loti tics will {?ive 40-pi Loniiiion sIkIIh 
and Htill lonGi %tli)ulitb f>i\o 70 pi oi 110 pi conimou shells, biciichiiif, piowets 
which lucasuiedb^ i quality of 11 «” shill he on apiiieeith those employed in 
tho cxpennicnth ot 1821 , tlieu leliliee powcu uie not in tnet cvpicssccl this 
simple eoinimiison, hiit the collections, as vc shall sec below, me all in la\our 
of the iifled jiiojectiles, it itinaina to cnqiiiic what uie tho chaises lehieh will 
glee these velocities, and to nsceituii whctliei such chaiqesaie oonipatiblo with 
high angles of elevation, and high angles of descent, at modeiatc distances 

The following table contains a nuinbci of obscivntions which have been made 
of tho initial veloutj of shells filed trom lifted oiduanco with veiy small ohaigos 
The obseivations weie mado and tho results calculated by Lieutenant W H 
Noble, RA 

TABLE III 



7. It appeals that a chaige of one forty-fflli the shell's weight is sufficient to 
give an initiil veloeity of about 400 feet a second to all these piojeoliles except 
tho 20-pi shell, which takes lathei moie , wo have seen above that no shell of 
40-lhs and upwaids requires so high a velocity as 400 feet to eontam a gicatci 
amount of ms viva than any of the shells employed in 1824 It now remains to 
bo seen whether so small a charge is compatible with unifoimity of lange and 
accuracy of direction The follavv mg tables contniu the icsults of actual pi acfice 
made undci the dnection of tho Ordnance Select Committee to detoimine tho 
point Two chaigcs woie fixed on foi tho 40 pi , namely 14 oi , which is latlici 
moie than one fiftieth ( 0216), and 1 Ib Two chaiges in tho same propoition to 
then' lespeotivo shells weie flxeel on foi all the other pieces Tho langes of tlio 
different pieces diffbr peihaps moio than, might hav'o been expected undei siioli 

• The nO-pi gun IS not lively to be pat to this service, hut I have included with the 
y.iiicli howitzer tvVo detoimmAlions with this piece, which is 2t mclies longer in llio horo 
than the hoivit^ier, but is m othoi respects coinpdrable with it 
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.w.„8 a-t 10 ti,. J 00, of 

andtho difieieiicosmtheknKtli. of the guns but tlu^ aief u ‘ “ 

tbo&e of smooth-boied pieces ^Mlh loduccd dni^is and thn coi ciii 
pieMousobsci.ations given m Ibo Kcpo.tol the Oidmu.oc hebet ' 

wliioh I am peiniitted to quote m the Appe)u]l^, p in pun. n. tin ,.L,it 
anneiionty of iiflcd ordnance ioi tUie as loi alinostcvut othu suvui ol vm. 
A table will also be found in the Appendix, p 38, giving the el. v ilions lui 
eacb 100yds dedueihlo fiom this piaetice 'lhat the pieees tmpioved ue ve.j 
unnecessanh heavy foi the duty, will occui to even one the s line ri.ibons 
wluch led to the eniplojiacnt of smooth-boicd hovvit/eis, under ’ 

stances, instead of guns, will, when iifled gunnel v nttuns its lull dev elopmci.t, 
cause iifled howit/eis to be added to oui initciial, to tliiow shells with small 
charges for high angle hung, and to occupr positions whieh do not leiiii.ie or 

cannot take, so laige and costly n piece ns a iiihd gun of tlio intended cahlne 
■When we make iifled pieces for ohaigos not exceeding those usual with 
howitzers, it will seaicely ho ncccssaiy to make them ot wrought ii on, cast non 
will probably bo stiong enough foi such pm poses— the (lucsLuiiis thcrcloie 
opened up by this enguiiy onihiaco a widci field than is poiceived at first glance 

TABLE IV 



1 

e 

1 

20 pr 1 

1 

"4. 

1: 

Is 

Uuisea 1 

H 

r 

■3 

si 

£ 

It 

1" 


Mix 

Mean 

1863 

January 29 

Vebmary 5 
do 

February 9 . 

Jnnuaiy 29 

February B 

February 9 
do 

5 

6 

5 

5 

6 

6 

6 

6 

8 

10 

12 

15 

8 

10 

12 

15 

lbs 

0 409 

0 53a 

3*92 

195 
6 02 

4 20 

5 02 

6 00 
0 82 

yds 

373 

441 

459 

507 

466 

508 
589 
617 

yds 

151 

486 

617 

515 

519 
60 1 
696 
722 

yds 

413 

4i9 

510 

528 

191 

61.2 

6t8 

COi 

yds 
18 4 
120 
30 0 
12 2 

21 2 
27 6 
35 5 
21 0 

0 80 

, 8 76 

5 06 

0 81 

9 12 
181 

4 38 

5*41 

0 68 

0 76 

0 30 

0 iO 

1 a6 

I 02 



TAfiLE 

V 









40.pr j 

1863 

5 

8 

0 875 

4 28 

514 

636 

525 

76 

201 

0 60 

Febiuaiy 5 

5 

10 


5 16 

560 

690 

626 

4a 2 

172 

0 42 

do 


12 


5 69 

675 

721 

653 

41 1 

2 36 

0 68 

Febniaiy 0 

B 

15 

.. 

7 11 

780 

830 

799 

128 

0 88 

0 90 

January 29 

5 

8 

1000 

1 55 

576 

03 1 

616 

18 4 

1 80 

0 18 

Februaiy 5 

5 

10 


6 23 

680 

714 

699 

76 

1 68 

0 38 

Fehiuary 9 

5 

12 


6 66 

813 

861 

*839 

18 0 

1 65 

1 05 

do 

S 

15 

” 

7 66 

965 

1002 

999 

12 2 

1 12 

1 48 


Mean of four rounds 
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T LE VI. 





noiir I 

DatL 

1 

g 


Is 

KangLS 

i 

la 



(3 

1 

f-a 

Si 

Mm 

Ma'c 

Mean 

1 fi 

li 

|| 









a 



lSb3 



lbs 

SCO 

yds 

yds 

yds 

yds 

yds 

yds 

Febi u ir> 9 



1 101 

4U(j 

4o8 

512 

481 

10 0 

172 

0 14 

1 ebruary 11 

5 

10 


470 

511 

547 

537 

Oi 

180 

0 24 

I ebruary U 

0 



5 oO 

54o 

05 1 

616 

3.) 2 

172 

010 

do 

5 

IS 

» 

7 23 

700 

905 

818 

42 0 

4 60 

0 40 

do 

5 

8 

1 C72 

4 22 

530 

578 

543 

140 

1 60 

0 32 

1 cbiuiry 11 

5 

10 


5 21 

618 

698 

005 

150 

132 

0 38 

Eebruiry 9 

5 

12 


0 07 

725 

835 

791 

41 0 

2 44 

0 52 

do 

5 

15 


7 88 

948 

990 

909 

05 

5 80 

0 24 

TABLE VII 

1803 



7-in IioTvit/cr j 











January 28 

5 

8 

2 219 

1 Id 

131 

ol5 

486 

20 8 

3 24 

0 12 

do 


10 


7 01 

571 

611 

509 

17 2 

6 72 

0 66 


5 

U 


57i 

5S8 

001 

629 

23 8 

7 SO 

061 

do 

5 

15 

■. 

7 40 

810 

912 

877 

20 2 

13 00 

0 48 

do 

r> 

8 

2 535 

4 12 

77.) 

.797 

581 

60 

.-1«R 

0 62 

do 


10 


a 18 

004 

070 

030 

22 2 

6 18 

1 22 

do 

6 

12 


0 32 

728 

841 

803 

30 6 

9 56 

0 84 

do 

. 


IS 

» 

8 08 

991 

1128 

1059 

53 2 

15 88 

0 82 

TABLE VIII 




7..n .oortar 1 

1863 












5 


1 879 

4 32 

485 

524 

507 

124 

2 02 

1 38 


S 

1C8 


6 23 

620 

654 


114 

8S2 

318 



12 


5 94 

042 

752 

096 

25 2 

5 04 

4 66 

do ^ 

5 

15 

» 

7 34 

791 

874 

836 

24 2 

8 84 

2 36 


S 

8 

2148 

4 60 

545 

611 

502 

18 1 

3 52 

3 44 


5 

10 


5 30 

637 

712 


30 2 

3 88 

3 00 

Eebruai'y 4 

6 

12 


631 

778 

832 

798 

24 1 

3 08 

2 42 

do 

5 

15 

” 

8 02 

938 

1022 

077 

27 6 

4 28 

4 6b 
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8 The foregoing compamoii tnkci no iccountof <lic dilfiicnct in the \eloci(v 
of tile smootk-boi e and iiflo shells on :>tiikiiigi ot the diflciciRi intlnii (luiiutcis, 
01 of the aid to penetiation nftoukd bv tlio rotation ot the iiflo shtll, Mben it 
Btiilres point foiemost Actoidnig to the Ficncli ixpnimonti flic icMst'inen to 
an elongated pio-jectilc is only two thuds ot the lesRlinco to a ‘.plicie (Didion, 
§ 177), and the penetiation of a lonnd shot and an elongated shot of tho samp 
•weight, stiikiiig with tho same 10100113 , into en th oi nuisonn , will be as to ^ 
piactically it is hardly woith while to cncnnibci tho question with tlusc coiisi- 
delations, foi which wo Imvo insulfii lent data, so tai as an mfeiencc nia^ bo 
drawn fioin n limited niimhei of good pcnctnlions ohseiied m demolishing the 
two maitullo toivcrs at Fnsthoiiino' and J5oxhill,| in IbbO, iide shot ecitainl'V 
ponotiato mnhighci latio than would be giitn by tho lulc — “ Dncotly ns vis iiva, 
in \ oisely as tlio squaie of th© diainetoi , ” but those i iflc pi ojoctilos had a i olooitj 
nioio tha-n double tho velocities wo are contemplating, and a pioporfion ihly moio 
rapid spin I think it is sufhoiont tlierofoio to point out tint tho low velocity 
shells from iiflod guns will, doubtless, on tho above grounds have an adiant.rgo 
ovei spheiioal piojcctilos, but to what extent can scirotly bo stated in tho 
absonoo of direct experiment fhcir greater capacity for bui sting powdei is 
obvious, and gieatly augments thoir relative effect 

9 This snperiouty does not lost ontiroly on hypotliesis, Tho Piussinn 
Government two yenis ago took advantage of the demolition of the Fortiess of 
Julioh 01 Juhers, to make ceitam oxpeumonts beaiing upon tho pioscnt enquiry 
on alaigesoalo, unfoi Innately, while it duly occuired to tho Biitisli Govoin- 
ment that this was a veiy impoitant military' operation, and advantage was 
taken of tho fuendly pei mission of the Piussian authoiitics to send Engineer 
Offlceis to witness it, it seems to have been overlooked that it was equally an 
artillery oxporifiient, and no Biitisli Artilleiy Officei vvas sent there We have 
hovvever a very full account published by Captain Weigelt, Commissioner fiom 
the Brandenberg Aitilleiy, and which lias been tianslated by Lieutenant do 
Cotto, R H A., fiom whose MS I oxtiaet tho following particulais — 

ExpeeimeNT 1 —17th September, 1860 

Two brass 12-pis rifled, cabbie 1 074 English inches, firing shells of 27 lbs at 
1072 yds , ohaigo about 2 1 lbs , bleached a buck wall 2 It 9 in thick m 32 rounds 
(16 per gun), of which only 8 took ©fleet The profile of the woik is shown m 

Eig 1 1 

The wall was 7 ft. high, and completely covered by a connterscaip 90 ft 
distant ) but of such trifling lohef that the angle of descent did not necessarily 
exceed 5° , as two feet of tho base of the wall Weio covered by the counteisoaip 
of its own ditch, tho space to be bleached was reduced to 5 ft m height 

• Report of Bi-enohing experiments at Eastbourne (Special Paper, Sept 8, I8G0 ) 
f Vide Vol II, page 397 

I For Pigs 1, 2, and 3, see Vol X, Pi ofessional Papers, New Series, " Siege Operations 
at Juhers, ” PI 11, Figs I, 2, and d — En 
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Experiment 2— 17th Septemhtr, 1860 
Poiu irnu 12-pis iifled, EMth the same chaige and projectile, made an opening 
10 It Midoandblt high in a buck m all 4 ft thick it 1105 yds The txpon 
dituro of ammunition was 64 rounds (16 pci gun), but only 47 shells took etlLct 
The piofilc of the iioik is shewn in Eig 2 

The wall was lift high, of which l^ft was covered, and the uhole was 
hidden fiom \icw by a paiapet 13 ft 6 in high, at a distance ot 105 ft , 
requiring sbghtly laigoi angles of descent than lu the flist experiment, but still 
not exceeding 6° 

Experiment 3— I7th September, 1860 
The two brass and foui iron 12-pi3 ot the pioceding espeiiments weie 
employed to breach a wall at 69ijds distance It was 7ft thick and 14ft 
high, supported at inteiials by countcifoits 4 ft thick, and covered from view 
by Iho eiest ot a glacis at 135 tt distance, as shewn in Fig 3 
In this ease it was not even necessary to diiminsh tlio service chaige, and a 
complete bioaoh was effected with an exponditme of 132 shells, the descending 
angle being uiidoi 3° 

If we compaio the above profiles with the piofilc of the Carnot wall broached 
at Woolwich in 1824, it will be seen that they piove but little os to tho capa- 
bilities of iiflod guns for the semce under oonsideiation The walls were 
shghtei than will often be met with, the great distance and tho slight lehef of 
tho covering works permitted tho employment of charges and angles of descent 
which deprive tho problem of all practical difficulty' 

So far as they go, howevci, they concm with what has been advanced above, 
to show that oaponieis and concealed oi sunken escaips denve no additional 
value in fortification fiom the intioductioii of rifled guns, which are quite as 
capable of breaching them as the smooth-boied oidnance employed so sucoossftilly 
foi that puiposo in 1823, and will do it undei gicat advantages fiom tbeir 
gicatei uniloimity of range and the Imger bursting chaige of tho shells 


APPENDIX— No 1 


Copy n? a Dracght of Report of an Experiment against a Scrifn 

REPRESENllNQ THE WALL OF A FORTRESS, ACCORDING TO CaRNOT’s 

System —Dated Woolwich, Ocjober 24, 1822 


1 The expeiiment commenced on the 2nd August, 1822, and continued tdl 
tho 24th Septomhei following, dining which period 1167 rounds of ammunition 
were filed fiom the following jintuies of ordnance, viz — 


Length, 

2i-pr , iron 9 . 

8-in howitzei, iron 4 

68-pr carronade 5 

10 -in howitzer, iron 5 

8-in mortar, iron 


Weight 
owt an lbs 
48 0 0 
20 2 2 
36 0 0 
39 2 20 
8 1 0 


These pieces were each fired at laiiges of 400 and 500 yds, distance fiom tho 
crest of the coiinteiguaid in front of the wall 
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2 The folloTVing IS tt stateniLiit of ofhttof tlic total iiuiiihti of Uli? romKls 
fired — 


Gnzcil slioit 117 

Took eliBCt on will . 177 llitlni loss th in oiu third 

Went over wall J71 

Total 1107 

Of the nuniher of 377 lonnda that took tflict on live Mall llC nmiuls stnuk 
the Mall at 01 below 12 It fiom the fop hung onh one tintli ol (he rimiilHr of 
louuda filed, but in stating this unfuomnblc ustilt, it is lattssiu to oIislinb 
that rveij allowantt is to bo iiinde foi loss ot tfiett, b\ Irtquent tliingt. ol the 
pieces of 01 dn unco used, ns mlU ns alteiation in tlio charges, clcvatuins, nnd 
stations they weie filed fiom, particularly m the commciiccmciit of i difTiLult 
operation, when many oi the rounds weie thiown away in o\pcrinicnts ns to 
the best charges 


3 For the purpose therefoie of forming a just opinion of the effoot of this 
expeiunent, it is lequisite to take it into consideration, in three iiouitb of view, 
as follows — 

(1 ) The individual effect of each piece et oidnnntc 

(2) A comparison of effect from 400 j ds nnd from SOOt ds 

(3 ) With regard to the best angle of elevation to bo used 

The following is a statement of the individual effect of each piece of oidnaiice, 
in explanation of the fiist point 

lU»uiiCl<) ftred 

24 pr 217 

8 in howitzer 270 

68 pr earionndo 820 

10-iD howitzer 180 

1167 



From this it appeals that iniiiiliiidwaleflcct, the 08 pi canonado and lO-i 
howitzer have performed best 

The second and third points will be best explained by the table annexed 
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5 By tlie comp'iU'jon of fiio fioin JOO niid liDiii in llip ion ^rom^r tnlili , 

it lb found that the foinui laiiftc ib picftiahle to (!u latt< i, mid iiiDi n ^ iid to 
tho best angle of ckiatioii to be used I 1° his gie itlj flic mhantiigc osei 10“^ iit 
400 yds , and is soinetliiiig hettPi thiiu the binallu iiii^lc at oOO s ds , but s\ itli 
respect to the inimbei of shot stiikiiig 12 It liom the top, llie iiiglo oi lo" i-, at 
both ranges fai supcuoi in eftect 

It ought alsotobe GonsidcicdsMthiespLct topiobabk pencti ilioiisMlh (he small 
charges necessaiily used, but ns the cxpciiment has oiik hieii iimdi on a si lU 
of lightly rammed cm th, it ls diflSenlt lo rakiilatc ain thing like in c Jb ct It is 
a fur piesutnption, hoavciii, that the action of such pouciful pio]cctiles ns 
68-pr shot, assisted bv fO-m shells filled viitli post doi, -would sci} iiossiblj 
succeed m breaking down the biitk wall in question 

6 On tho whole, thcicforo, it appeals that 08-pi caiiomuks and lO-iii 
howitzois placed m battel y at 400jds and filed with lo°of ekiation, afloid 
the greatest hopes of success, and b-y the pieeceling table theu is pist lenson to 
expect, that fiom a continuaneo of the w'lthont change, about half tho practice 
■would bo suootssful 

It IS la ooiiscquonoe submitted to Ills Giace the Mistei-Gciici al, -wliethor 
those lesults do not meut amoic defiuitiie ini cstigiitiou of the o\pciiuiout, by 
trying the file against a real wall, disclosed nccoidiug to the piolile ol Caiiiut’s 
sytem 

CT/ie dmushl it not signed, but it ta the haiulwriling of the tale 
Sir Alexander Dultan, hi) 


APPENDIX No 2 omitted, soo Note, page 23 


APPENDIX— No 3 


REPORT 


ORDNANCE SELECT COMMITTEE 
No 1988, dnted December 2, 1861, 

On the Eefioienoy op Aemsteono Guns Employed in Ricochet Eiar- 


1 The Committee have the honoui to submit the followmg Report of Expe- 
rimeuts made under instructions leconcd m June to test the efficiency of Aim- 
Stiong guns when employed in enfilading a hatteiy, and the distance at which 
the fire is most destmctive and ceitain The work in Pliimstcad Marshes -w as 
put m lopaii foi this trial It consists of a single face about 340 ft long, with 
two fl&nlcs It divided unequally by foni tiayorBea, and fuUhei dciives 
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Btion fiom a scieen oi bonnette of oaith 10 ft high aud 30 ft long, 

: the uoiii cst flanL Giound platforms ivcio laid tor foui guns, 
13 (the latter wcie unoccupied), non tiavcismg platforms loi 
odon tiaveising plntfoinis toi h\o guns, and theic were two guns 
igos not on any plattoims , in all ten guns mounted In addition 
lie last occasion of hie, a second loiv of tliiee guns was foimed 
ot tho pioper aimament, leading up to a small field magazine 
lesired to stnke 

ne piehmmaiy practice to asceitain the ranges due to i educed 
igh elefationa, the Committee piococded on the 30th October, and 
, to iioochet tho worh, 9o0 jaicls fiom the neniei angle, oi 1000 
0 oentie, was fl-^ed on as a piopei distance foi the batteiy, being 
sL of n\uoh annoyance fiom an enemy’s iiflemen The guns in 

(1) Smooth bored 32 pr of2Sewt 

(2) . b m of G2 oivt 

(3) Armstrong 40.pi 

(i) „ 20-pt 

(0) „ 12 pr 

Lied at not being visible fiom the batteiy, owing to an inteivening 
its V, ere set up m pi opei alignment on this pai apet nt 340 yards in 
■id the laying of the guns, and a non-commissionecl offloer was 
lem, nndei cover, to signal the apparent result of each shot 
nng IS an abstract of the practice — 


Clmiffe jElsMtion 

ElFtLls 

first 

Grazes 

OZ 


§ 3 — VuMSTaoNQ 10 pr 

yds 

2t 

8 0 

Knocked olF about 16 m of the muzzle of an 




Ib-pr gun, wliieh bad been cracked by a 
former blow 

1002 

— 


Lodged m the parapet 

990 



Do do 

995 



Do do 

1012 



Slightly grazed tho muzzle of a gun, and 




piocceded over the work . 

1000 



Lodged m the parapet j 

990 



In the work , gnzed thefiont of a wooden plat- 




form withojLt oocasionmg serious splmteis 

1015 



Grazed a traveising platlorui, and lodged in 




a tiarerse 

99g 



Into the parapet 

gso 


8 10 

Into the faither flank < 

960 


8 0 

shuck a traverse , , 

1050 


7 45 

Went through the cheeks of a carnage, aud 




Stiuck a wooden platform causing numerous 
splmters The carnage was old . 

1020 


7 30 

In the woik , , 

968 


7 30 

Struck the parapet . 



7 so 

In the work 

980 


7 SO 

Caught by the bonnette about 

960 


7 30 

Struck outside 

930 


7 80 

Stiuck the parapet 

070 
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'JmigL 

I Icvatlon 

LlTtcts 

OZ 


Aumsibonq 10 pr —Conliiiunl 

21 

7 30 

Stiuck outsKlo . 


7 30 

Caught by the bonnette 


7 30 

Qlrazad the rear uf the bonnttlc , ind f>) 
along the nhole length of IIil uork \ 
using more than a loot or two, 1: 
itself at last in tlic furlbcr Haul 
§ 1 — AaUBTBONa 20 pr 

12 

8 30 

Short . 


8 15 

Do 


9 0 

Do 


9 15 

Caught by the bonnette 


9 80 

Short . 


9 45 

Do 


9 50 

Caught by the bonnette 


9 56 

Do do 


9 55 

Short . , . 

— 

9 55 

Caught by the bonnette . > 

11 

8 0 

Short . . • 


8 10 

Do 


8 0 

Into the nearer flank ■ 


8 0 

Struck the top of the bonnette 


8 0 

Into the bonnette . . . 


8 0 

Short . 


8 0 

Rather short . , 


8 0 

Into the bonnette > ■ 


8 0 

Short . • ■ 

“ 

8 0 

Struck a tramso, and did not ns 
turned over where it fell , 


8 0 

Struck a traverse , , . 

~ 

8 0 

Into the bonnette . .. 

§ S—AnMSTiioNa 12-pr 

7 

8 0 

Stiuek short, andiicotheted into tlie bi 


8 15 

Struek the parapet near tin. 1st tiavti 


8 16 

Caught by the bonnette 

~ 

8 25 

Passed under an iron traversing platfor 
waa Stopped by traverse 2 


8 25 

Struck travel so 2 


8 25 

Struck traverse 3 . , . . . 


8 25 

Short ... . 


8 25 

Caught by the bonnette 


8 25 

Rather short . 

— 

8 25 

Caught by the bonnette 

8 

7 0 

Grazed a gun carriage and the iron tra' 
platform it was on j buried in Iraver 


6 50 

Rather short . . 


G 55 

Struck short, and rsoocheted ovci 


7 0 

Short .... .. 


7 0 

Do, 

- 

7 10 

Struok short, and ricocheted into the 

_ 

7 10 

Rather short , 


7 10 

Struck short, and ricocheted over 
Caught hy the bonnette 


7 10 


7 10 

Struek short 

— 

7 10 

Caught by the bonnette . , . 

-* 

7 10 

Strnck the nearer flank . . . . " 
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No 

Ctuv.o 

Elc\ation 

Effects 

Giaaoa 

1861 


oz 

o / 

§ C— 3 in Gun of 62cwt 

yds. 

Oct 30 

) 7 

20 

— 

All shoit <• . 

— 




12J 0 

Into traverse at , 

995 


9 

24 

121 0 

Shoit . < 

912 


JO 

— 

13 0 

Over into the butt beyond 

1100 

Nov 6 

11 

32 

7 0 

Short. . about 

800 


12 


7i 0 

Short, ricocheted into the fiuther flank 

000 


13 


7i 0 

Short , the second graze was m tlio work, and 






the thud into the further flank 

90b 


14 


8 0 

Rather shoit, and ricocheted oleai over the 






work into the butt , . 

933 


15 


9 0 

Clear over the woik into the butt , 

1100 


lb 


Si 0 

In the work beyond the fuithcr traveise 

1050 


17 


Si 0 

Into the luither flank 

1060 


18 


si 0 

Clear over the woik 



19 


Si 0 

Rathei shoit , grazes not record ed . 

1020 


20 


Si 0 

Stinck the parapet at 1010 yards, then rioo- 






dieted against the side of a wooden tiavcis 






nig plntfoim at 1030 yards, and fell beside 






it making a small indentation only , 

1030 


21 


Si 0 

Clear over , . , 



22 


81 0 

In the work . 

940 


23 


Si 0 

Clear ovei 



24 


Si 0 

In the work . , 

1050 


26 

— 

81 0 

Ncai the same place as the last 

1050 





§ 7 -32.pr of 25 owt 


Oct 30 

I 

22 

8 0 

Rather short . . • < 



2 


8 0 

Oiei ... 



S 


8 0 

Do . . 



4 


8 0 

Do 





7i 0 

Rather short . 

916 


0 

22 

75 0 

Into pniapet . ... 

1002 


7 


71 0 

Over 





7? 0 

Into the ditch of the work at about 

1000 


9 


7J 0 

Stiuck tho honnette high . .. . 

060 


10 

— 

7i 0 

Into the avoik . . .. . 

1010 

Nov 6 

11 

_ 

7| 0 

Rilher shoit . . 

010 


12 


7i 0 

Struck a wooden platform without causing 






serious splinters, and into traverse 3 

lOlo 


IS 


71 0 

Short, struck the bonnette on second graze 



It 


74 0 

Into the work . . , 

995 


16 


7f 0 

Ditto * “ . 

1008 


16 


75 0 

Went deal over the butt about 

1160 


17 


n 0 

Stiuck the butt high . about 

llOO 


18 


7| 0 

Struck the butt about 

1055 


19 


74 0 

IMsaetl through an non gabion and hauled 






itself in the cheek of an embrasure . 

1025 


20 


7S 0 

Into the woik behind traverse 3 

1010 


21 


74 0 

Grazed the loai of traveiso 2, carrying away 






2 gabions . 

990 


22 

“ 

74 0 

Into traveise 3 

1020 
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8 The lesultaof the foregoing practice nm be stated gcncnin_v ns follows — 



9 It Will be seen thatieiy littlo matoiinl iias stnuk, tlieio was conscquentU 
little opportunity of judging of the efleot of Aiiiiationg piojcctilcs in dismounting 
oidnanoe It has liowciei been aseci tamed that the initial \elocitv of the 12-pi 
shell IS as follows — 

With charge 6 oz , 500 f( per second 
„ 8 oz , 020 ft „ 

„ 10 oz, 732 it „ 

It IS probable that these ■velocities wiU be leiy neni the tmth foi chaigos of 
the other natuies beaiing the same piopoition to the weight of the shot, namely, 
for the 40-pr —20 oz , 26 fa oz , and 33 8 o? , foi the 20-pr — 1 0 6 oz , 14 0 oz , 
and 17 S oz , and then mechanical effects can theiefoio bo easily oompaicd with 
those of smooth bored piojcttiles if wc also asceitam the lelooity of tlie lattoi 
This has not at pieseiit been done foi the low charges used in nooohot file*, but 
by oalenlation the initial velocity of a 32-pr shot, with 22 oz of powdei, ns flied 
on this occasion, is about 71Sft per second, being neaily 100ft gicatcr tlmn 
that of the 12-pr and 20-pi , and 120 ft gicatci than that of the dOjii The 
elongated projectiles prcseiie then lelocitj' lathei bcttci than the round shot, 
hut on the ivhole, although it appeals suflieicntly gieat to produce destructive 
effect on the ni tilleiy nmteiiol they stiikc, it must be less than that of the i oiind 
shot, and consequently their mechanical effect less also on the other hand the 
laigei burstmg chniges of elongated shells uill make these much moio destruc- 
tive to travel ses and solid obstacles, of well as to tioops 

10 The piesent piactaco has fully satisfied the Committee that 4imstrong 
projectiles maybe fiiod with gieatly reduced chaiges, so as to haie a higli 
descending angle, and still letam precision of direetion and umfoimitj of innge 
This adapts them well foi silencing guns coieiod by traveises, or foi bieaolimg 
lapponniSics and sunken defences, but they aie not so well adapted os lound 
shot foi w hat is commonly intended by iicochet file, namely, to pioceed tlirough 
a ivorL by short bounds, making moie than one giazc m it The second giazo 
IS aliBObt imariably too fai distant fiom the fli&t to bo ni any ■way lelitd on , it 
is ho-wover tolerably regulai both in ducctioii and distance 

* See Table III for results obtained since the date 6f this Report 
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Tlic follow Mig tabk contains the observed fiist and second giazea of a pm t of 
the pi notice In aomo instnnecs the second graze w as not tiacod 

CoMPArisoN or 1st and 2iid Ghazes of Abmstbonq Projectiles 







ranpp 


Dcflc 

t,0„ 


Gan 

c,.„„ 

121c\'iUou 

No uf 
rounds 

ut 

ffruae 



1st 

Luap 

It 

s„., 

12,pr 


r 

2 

yell 

7t>5 

}da 

1290 

625 

yds 

yds 

23 


do 


10 

2 

937 

1331 

394 

— 

75 


do 

8 

5 

S 

729 

1613 

784 




20.nr 

lb 

s 

3 

714 

1586 

792 


li5 

do 

do 


7 

S 

1009 

1600 

591 


65 

do 

do 

18 

B 

3 

828 

1405 

677 


47 

do 

do 


7 


1112 

1795 

688 


71 

do 

do 

20 

7 

5 

1195 

2188 

993 

24 

50 

Wet sand 

do 


10 

5 

1660 

2485 

785 

67 

61 

do 

40,pr 

32 

B 

S 

883 

1688 

800 


47 

do 

do 


7 

S 

1173 

2286 

1013 

27 1 

80 

do 

do 

SO 

5 

S 

loot 

2058 

1054 

1 7 

88 

do 

do 


7 

S 

1306 

2422 

1116 

27 1 

60 

do 

do 

40 

1 5 

S 

1083 

1933 

850 1 

1 7 I 

86 

do 

do 


7 

6 1 

1 

1448 

2626 

1178 

87 

166 

do 


11 Two exceptional glazes occurred in the piaetioe, both of which wotild 
liavo been v eiy destinotivo inside a work A 20 pr shot fii ed at 6° with 18 oz 
charge, struck the ground at 798 yaids, and out off the top of the long glass in 
a continuous line foi 19 yaids, the giound heie dipped a little, but the tincewas 
distinguishable furthei on, showing that it could not have risen so much as a 
toot foi 120 yaids A 4.0 pr shot flied at 7^°, chaige 24 oz , struck the ground 
at 980 jaids, and skimmed along until stopped by the bhouldor of the battoiyat 
1060 yaids, not using above 2 oi 3 ft It will bo seen howcsei by the distance 
of the second giave fiom tho flist (os given m column 7), that with these raie 
osceptions, the effect of each shot will he confined to the poitions of the 
dcbcendiiig nnd rising bianchis of tho cuive compiiscd between tho ordinary 
height of the paiapet and the giound— a distance of 100 to 160 ft , according to 
the angle There is scarcely any chance of shot which fall shoit, getting into 
the woik oil second glaze, a thing which frequently happens with lonnd shot 
and shells 

12 The Committee do not considoi it necossaiy to es-peud inoie ammunition 
in endeavouring to stiike the half-sunken field magazine, which has not yet 
been struck, or to obtain inoie direct evidence of the effect of a blow on guns 
end gun oaiiiages , they locomniend that the use of the 12 pr , 20-pr , and 40-pr 
Aimstroug guns with reduced charges at high angles, bo i educed to iiriotico, 
and recognized as an occasional employment of those guns, and that tho Com- 
manding OffioeiB, Koyal Artilleiy, leeeivc insti notions to keep a caielul lecoid 
of the lesults of all shots which take effect on raateiial as w ell as of the actual 
flist graves foi given chaiges and elevations, to verify the annexed table. Thev 
■would also suggest that oiders ho given to tho P S S. to issue fresh (unsorvice- 
ahlo) carnages instead of some of those no-w m the woik, -which are too much 
shattered to furnish any longer a fair illustration of the effects of shot 

(Signed) J. St. GEOHGE, 
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TABLE VIII 

Giving the Afpeoximate EErvAnoNa necessary ro piicn an Aemsironl 
Snor OR Shell into a Work at the Disfincls Spiciniis, am> 

WITH THE CHARGE3 GIVEN 



L S IS pr 

L S SO pr 

1 

L ' 

0 pr 

1 

Distance 

Elev-itionfor 

LlL\allon for 

j I 1 \ Uldli fdl I 

object 

°5 

°8 

*10 

°4 

lb 

cz 

18 

Ti 

28 

52 

500 

600 

700 

800 

900 

1000 

1100 

1200 

ISOO 

HOO 

1500 

1600 

5 G 

5 5-i 

6 12 

8 0 

9 SO 

i IS 

5 10 

0 5 

6 58 

8 6 

9 20 

4 40 

6 20 

6 4 

6 4b 

7 40 

5 40 

9 40 

6 20 

7 4 

7 40 

8 30 

9 10 

9 60 

1 50 

5 30 

6 13 

6 6b 

7 40 

8 25 

9 10 
10 0 

4 60 

5 30 

6 10 

6 50 

7 40 

8 23 

9 10 

V Sb 

5 30 

0 15 

7 8 

1 7 55 

8 85 

9 26 

5 20 

6 5 

6 15 

7 30 

8 12 

9 0 

9 iO 

5 5 

5 15 

6 30 

7 10 

8 0 

8 15 

9 80 

5 0 
5i 0 

0 20 

7 0 

7 10 

I 8 25 

9 15 


TABLE IX 

Approximate Angles of Elevation and Times or Fugiii' dde to 
Short Distances when the Angle or Dlscenp is RrauiRPD to 
BE not LES3 THAN 10“ 


Elevation 

SO- 


40 pr 

40 5 lbs 

70-rf 

C'JdiJlba 

7*ln lioMitzir 

^loi’s- ms" 


. 

jds 

see 

yds 


-jds 


}ds 

sec 

yds 

see 



Charges all ui the proportion 0 0211 P 




8 1 

410 

37 

620 

40 

445 

37 

490 

12 

520 

1 0 

9 

436 

41 

5b0 

46 

600 

4? 

540 

4 0 

570 


10 

460 

4 4 

610 

5 1 

550 

48 

680 

49 

020 

55 

11 

480 

47 

640 

64 

600 

53 

630 


6b0 


12 

600 

5 1 

680 

59 

660 

57 

670 

6 9 

70j 

6 8 

18 

520 

64 

ns 

64 

690 

6 2 

720 

0 4 

7j0 

7 5 

14 

5SS 

68 

760 

67 

740 

67 

760 

67 

790 

7 9 

15 

556 

59 

780 

71 

780 

7 1 

810 

7 0 

830 

S3 
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CANNON 


T \ B L E I \ — Continued 



1 yds. I set | yds I see 1 yds | sec | yds 1 see 1 yds, 1 sec 


Charges all in the proportion 0 0236 P 



For tlia 20-pr 0 7 8 anti 0 8 0 

„ 40-pt 0 H 0 „ 10 0 

„ 70 pr 1 7 6 „ 1 10 12 

„ 7-in lionitrer or 110 pr gun 2 3 8 „ 2 S 1 

„ 7.in mortal 1 11 1 „ 2 2 6 

In piiictice it will lx siiffiutiit to tiko them to the nearest half oiiuec 

Note - In the note on pige 2-t for 6()7,128 lead 82 010 
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PAPER V 


NOTES 


CONSTRUCTION OF MAGAZINES 

By LIRUTEN-VNT HOME, R E 


In the constiuction of a magazine it is requisite that damp should be evcludcd, 
that theie should be fteo lentiUtion, that the magazine should bo of a tonveiiient 
shape, the piowdei bags so aiiangid as to allow of tasj issues oi leocipts ot 
powdei, niul that theie should be a conieinent communication iiitli the shilting 

Theso desuleiata aie usually met by cicctiiiga building with iciy thick walls, 
and a passage some 2 feet oi 2 feet C uicUes wide through the ooutro ot the wall, 
and by coi euug in the bmlding with a coating ot .isphalte ou the top , the lesults 
being that, owing to the great quantity of watei in the green buck work, and to 
the impossibility of the moistiu e passing tliiough the asphalte, it dries dowuwai ds 
into the charabei of the magazine, rendering it foi a long tune damp 

The shdtmg loom is genci ally oonsti acted as a scpaiatehuilduig which entails 
the necessity of cairymg the haiiels of powdci from one building to another, an 
imdesuable ariangenient in a foit 

As a remod\ foi these defects, it is proposed to lino all magazines with 
45-mch huckwoik with a 4i inch space between this lining and the mam wall, 
(ns shown in Section, Figs 1, 2, and 5, and on the Piojection Fig 4) Ventila- 
tois ivith splay mouths (B, B, Fig 3), permit the air to pass into the 4| inch 
space, and by building in peifoiated bricks heio and theie m the hmng, tlio au 
IS conveyed into the chamber of the magazine itself This lining is strengthened 
by occasional headeis built into the ontei wall. 

The flist img of the aich is turned m hollow buck, the end of this img 
stopping 4i inches short of the mam wall (as shown m Fig d) The hollow 
bucks foim a succession of pipes round the arch, and a current of air posses 
thiough them, from the space hotwoeii the brick hmng and tho main wall It 
w oonceiied that by this aiTangement all the advantages of a double aicli aie 
obtained 

The shiftmg looms aie placed immediately in front of the magazines, and 
between urns a passage (Fig 3) by which the magazines are entered Dumb 
■waiters AAA to contain a hauel of powdci commumoate with the shiftmg 
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'I'ln- mnga/uie mnn hand-i tlie powdei to a man stationed in ttie passage wlio 
ueeives it places it in the dumb nditei, ind ttnns it loimd, itis then lilted out 
luthe shifting' loom The caitiidgcs « hen made up can be passid out at the 
iMiidows shown in Section, Fig 5 I’lins noiio of the inagaiiine doois need be 
opened dining the tune the men iie at woik 

Since nioifai 01 eoncicto, made ot Scott’s cement, becomes a eiy lapidh die 
tiom the gieat athmtv of that substance toi -watci, it is pioposed to nsi it toi 
all magazines Tlie cost ot the magazmo slion n in the Flatc, built iii Scott'^ 
cement, woulel be about £ilOO, 01 £l Us 6d pei baitel 
As po'wdcr is always issued in lots of 100 biuicla at a time, it is piopuscd to 
mike each baa contain eithci 100 ban els oi some multiple ot that numbci It 
it be ictilly leejuisite that the doois ot a magazine should bo coicied ivith metal, 
it IS suggested that muutz metal, being epute as good, as coppei and about halt 
the pnoc be used 

111 aei j large magazines, wlieie the span is gicat, and consequcntlj the abut 
nients liaio to bo tluekencd, it is si ggested that the lattei should bo countei- 
aiehed, thus gaming looni foi stowage and economising mateiml 


Pm tlaiid, 'Mai 7, 1863 


R HOME, Lieutenant, 

Royal Engineeis 


PAPEE VI 


SUGGESTED IRON PROTECTION FOR C^VSEMtVTE 
EMBRAZURES 

By major general SANDIIAM R E 


Nei veiy snlisf'tctoiy doiision has yet been antyed at as to the impregnability 
ul non plates — the pnotectioii alfoided by yyjoiight non plates of yen eonsideiablo 
Ihiekars, i only paitial — and cast-iron plates hiye tailed nltogctbpi 

A siicetssion of shot sinking any non plate a plem fouet tiilung into aceoimt 
the yy eight of metal pi ejected against it, (yyliieh has hitheito been increased, 
and, IS increasing, as plates, capable of gieatei icsistance, have been pioduced,) 
must by’ then lepeated force eventually break up oi displace tlie heaviest and 
the stiorigest , if however the impact of the shot can be leceived by opiate a f m 
aeiitp angle to its plane, the effect upon it is but tiifiing, the shot glances fiom 
It, and IS hioken into small pieces that can have hut littlo eflect on any otlim 
jilates Ih it may bo so placed as to receive them, and it is undei these consideie 
tioii- Hint the iron cased embrazui es slioyvii m the accoDipianying diawiiig ue 
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suggested The opening of the mouth of the embia7uie is leduced to a mini 
mum through ■which a diiect shot only could entci the cancmatL It has been 
proved by expeiimcnts that shot ivill deflect and bieak fiom f iii boilei plntc 
non baclced by gianito, at angles of impact oi incidence from 10° to 30°, beyond 
which the expeiimeiits alluded to weie not earned on, up to what angle shot 
would deflect and break from the heaiier plates now in use, if they should be 
backed by lead-conciete, oi even by grniute, can only bo satislaetoiily ascer 
tamed by expentneiit It was foimd that the fragments of sliot abo\e lefeiicd 
to deflected nt an angle equal to that at which the shot struck the plate, and 
that, at the distance of 10 feet fiom tlie point of impact, tlie pieces sjiread into ii 
cucle of fiom 4E to 5 feet ill duiuietor , this constant eftect has led to the idea of 
rounding the plates at the mouth, ot iiideuting the cheeks and of coveiiug the 
till oat ot the embrazure by a shield haiing a slot m it meicly laige enough to 
admit of the gun being tiavcisod, elevated, oi depressed 
It has been found that the etteot of shot upon non plates covering masoniy or 
bi'olcwork imparts a motion to the whole mass, so that the masonry is dislocated 
otten to a consideiable distance bojond the piotoctmg plate stiuck , to modify 
this effect it is pioposcd to hack the plates immediately about the opening of the 
embraziuo ivith lead-concrete, which, fiom its giaiity and tenaoiti,is not so 
liable to be dislocated oi broken up as gianite, which m block eien is e’vtiemoly 
friable under the effect of shot The giainte blocks ivlueh supported tlic ^ in 
boiler plate non in the expcnmeiits above refeired to were found to he pul- 
verized to the extent of a foot and 18 inches, and to the depth of 2 oi 3 inches 
about the point of impact of the shot, although m most instances the graving 
shot did not actually cut thiough the plate 
Should the piogicssing expouments on non platos lead to their application 
for the pioteetron of scarps, that protection should not ho confined to tlio 
immediate neighbourhood of the embrazure of a casemate, it must be extended 
beyond the walls that suppoitthe arches, or thov would be bleached and the 
arches would fall 


H SkNDHAM 
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PAPER VII 


ON THE DEFENCE OP THE MAIN DITCHES OF 
FORTRESSES BY COUNTERSCARP CASEMATES. 
By captain WEBBEE, E B 


In leading a short paper on this subject hefoio Colonel Harness and the 
Ofdceis of Royal Engineers, at the Chatham Establishment, lu Fcbiaaiy, 1883, 
I thought it neoessniy to explain my reasons foi bringing it foiivard, but suios 
hoanng my pioposition discussed by several of my biothei officers, I have had 
less hesitation in bringing the paper in a modified form to the notice of the 
corps generally, and have theiefore omitted to enter into those reasons 
The proposition is, that, in all woiks constructed on the bastioncd system, the 
adoption of casemates in the salients of the counterscarp, foi the defence of the 
main ditch of a foi ti ess, will have the effect of prolongmg the defence 
It has been always admitted tliat the defence of a ditch by oounteisoaip 
galleiies oi casemates was in itself faulty, owing to the facility with which an 
attaching foico could dcstioy them by mining ^ In consequence, moat militaiy 
engineers have avoided placing guns in the counteiscaips, and vihen galleiies 
for musquetiy did exist, they weie moie intended as a eommunioation with a 
system of countermines, than as an assistant of any impoitanco in the defence of 
the ditch And, it is asseitcd that the communication with these galleiiet. 
aoioss or under the ditch is so intiicate as to make them difficult of access, and 
detei then defeiidcis making such a good stand ns they would othoiwiso do, 
were thoio no appaient chance of then letieat being out off 
■Whore the length of tenure of any fortified place depends mainly on the 
time durmg which the defenders can keep efficient the arras flanking the ditch, 
it 13 geneially consideied that the captuio of that place is only a matter of time 
And though there are means by which the^iogiess of a siege may bo accelerated 
on the one hand, oi retarded on the otliei, the chief attention of eithci paity is 
directed to the ultimate attack and defence of the main rampart of the place by 
the passage of the ditoh And rt is almost ceitoin that no geneial will storm a 
hi each unless the guns flanking it are either partially or wholly silenced 
Therefore, if wa aie to judge of the destructive effects of iiflod ordnance hy 
what experiment has demonstiated up to this time, we must more than evei 
direct attention to the scientific defence of the ditch , for e\en if that poitiou of 
a fortress which is above the level of tho ground be pounded into a chaotic 
mass, and all cover hut bomb-proofs destioyed, the besieger is still far from 
his object, if the means of defending the ditches remain efficient. 
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As> in most cases, ditches liai o boon liithcito flanhcd by guns on the Icirciikms 
of the baatuius, oBing to the objection to casemates goncialh conconed in the 
beginning of the lath ccntun, so noiv as these objections me coiisidcicd to bo 
done away -nitli, cascniatcd iiieaiia of flanking nio bouig adopted, but with mu 
01 t\io exceptions invaiiably in the cscaip oi in tliu capoiiicis coinioctcd Mitli it 
expeiimcnts fiillj dosciibcd in Vol X, Coips Papeis, it Ins bitii bhoivii 
that unseen walls can be blenched with iiflc pinjoetdos I btheie I iiii nut 
ivioiig m stating that the powci of lifted guns to distluige i imijcctih with 
equal cflect ui n cm ved flight, is not limited as to i.iiigc , so tint the pudoiiga- 
tioii of a ditch, the flunking fiio of which must be dtstiojed, can be moic 
easily taken up, now that the i angc of oui guns lUow ot moi e tluuec of position 
Indeed, ns fui as expoiiniont goes, it has been nsccitnincd loiighlv, that ii pio- 
lootilc fiom a 40 pi Aimstiong gun, at laiigts laijiiig fiom 700 to 1,000 yaids, 
with about seven oi eight degiecs elevation, w ill havo an angle ot descent giving 
a fall of about ono m thiitj In the modem sj stem, then, whtio n considciahle 
distance inteiienes between tho cicst of the glacis wliith conce ils the flunk and 
the flank itsolf, it is possible to stiilcc the lov ettiiig wall, and if tho tenaillo w is 
shoitcncd to admit of caseinated guns in the flank, tho guns would soon bo 
disabled, oi such a mass ot debus wmuld bo bionglit down as at length to 
uinslc them Without thcrcfoio taking into consideiatioii tho ad\ aiitago nttaina- 
blo hj’’ the possibility of placing tho hesicgei's guns on an elevation (and such 
IS also likely to arise), wo may now snfelj coniludo, that in all eases where the 
prolongation of a ditch can he taken up, tho flank wliieli oiifilidcj it is liable 
to be stiuok fiom a distance Such being the case, wo may believe that a 
besieger will endeavoui to destioj it and cioss the ditch b-j cstal idt, latbei 
than bo obliged to eiown the glacis bj the slow appioaeh of a siege 

The next point toeonsidei is, the piobabilily that in futuie sieges thoLcsicgnl 
will bo able to letaid the neai appioaeh of the bcsicgei fot a much longer peiiod 
than heretofoie but to enlarge on all tho speculations on this subject, would 
lequiio much knowledge and cxpoiicncc, and moiethanlhe nicie tluoietieil data 
now m oui possession Should sueh be the case, howovei, the bcsicgn will be 
letardcd in athieving whnt is all impoitintto him, viz tho eoimiig witluii 
mining distance of the cottnleiscaip caseniates which it is indispensable foi liiiu 
to destioy While on tho othoi hand, should the ditches of tho foitiess be 
flanked by escaip casemates, his wliole object will be dnectod to bicaohiug 
them fiom a distance Having accomplished winch, it is open to him to cioss 
the ditch by escalade with compaiativt impnnit\, as legaids such an attempt 
in the other case 

My chief leason foi supposing thxt the bcsiegoi’s near appioaeh will bo a much 
longer mattei than lieietofoic, is founded on tho supposition that non cupolas oi 
tairets will be oieotedin foi tilled places A fev^of them ui sliglitlj commanding 
positions, would give the besieged such a sujieiioiity as^ almost to pi event the 
besiegei getting a gun m position and woikmg it , foi what caithen cmbiasuro 
willnotbe destiojedby an elongated shell pi ojectedbx aiiflo gun ? And altlioiigli 
something has boon mooted about a iiioaus ot plating tho embusuiei of field 
battel les, the practical difflcnltics lu tho way me very gicat, both as regaids 
application and tianspolt At any into, it will bo coiicoded that it huttciies are 
laised 01 half sunken, the painpets muk be consideiably thickened, data loi 
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itIulIi will piobiblj bt, 'iiu\ed at in foithconung expeiimeuta To thicken 
[jiuapcta oaitb must be excavated, and without mechanical aid raoie time will 
be leqiiiicd Iicnchcs must bo opened at a greatei dwtanee and ombiaeo n 
widoi e ctont, and approaches will bo lengthened Eveij yaid of distance md 
c\ iiy obiHcle to late of piogicss will incieiic the time of execution 

'lha ipiestion of tunc w’lll not be influenced, even if the means of attack and 
dofeiice weie to lesohe themselves into the saino relations that they have 
lullieito held to one anothci Eeloie hie-aims w-eieiii use, the fortified place 
was much oftenor impieguable than was the case aftei then mtioduction , not 
that the dcfendeiB could keep the besiegci at a distance, but thiough the 
dilheulty and length of time rciitmed, to destioy the rampaits and means of 
oftonce and defence of the besieged Ihe case has in some respects letuinod to 
its oiigmal circuinstanees, except that the neai appioach of the besieger is 
inevented, and he must now destioi these means of ofFence and defence fiom n 
distance And if the ditches aie fliukcdby countciscaip casemates, the destiuc- 
tion of the uppei deleuccs, and eon-cquont appioach by sap, is only the signal 
foi a description ot waifaio whtie his piepondoiance of metal guts him very 
little advantage 

The only means of desti eying or seiioiisly mjuung casemates o: galleuea in 
the oounteiscarp, is by mining, ind to do this the besicgci must liave approached 
the point within a shoi t distance, say 50 yards Should he, at length, be in 
sueli a position, the possible existence ot looky giound would be a seuous 
impediment , and the knowledge of the direction of his attack on the side of the 
besieged, i LVises the countoi mine neat ly to an equality with his mine Although 
viotoiy is gtiieiallj theicwaid ol the besieger in a subteiianean war, yet wo 
Iniye only to icad the opinion of most wiiters ot expeiience to find that they 
deprooato its adoption wheneiei he can aioid it The sicgo of Beigen op Zoom, 
in 1747, illusti.ites the delay attending the necessity of adopting this means of 
attack, when the bcsipgeisweie delayed foity days in pioseouting the destruction 
of the oounteisciup defended by conntei mines, dining which time about sixty 
mines wcie exploded on eithci side Also the siege of Schwcidnitz, in I7Q2, 
when aftei flfty-thiee days ot attack, twtho of which weie oeeupied in mining, 
lliu desti notion ot the counterscaip succeeded thus tally only through the dcsiie 
of the besieged to ay old saenfiemg their pimeipal galleiy And in oui oyvn time, 
I may quotethedetenceof Lucknow, 'when skill and eneigy enabled the defenders 
to destioy neaily eveiy mine, consti noted by men whom they had themselyes 
tiamed m nuning, but who lacked the leadership necessaiy for the caii3ing 
out of such a mode of attack , 

As legards the next objection to eouiiteiscarp casemates, yiz , the difhciiUy of 
their communication with the inteiioi, 1 can only point out that in piacticc it 
docs not exist, and that the ^nany cases lately wheie gaUeiies have been 
consti uoted undei diy ditches, the ascent and descent of the slaus and passages 
lias been found safe and easy The engiiieeiing difficulty in constiuoting a 
galleiy nudei a wet ditch can he oycicome by laying one thickness of bucks m 
asphalte Gunncis yinll work their guns well, as long as they know that their 
uticat 13 not cut off, and in some i espeets, should the enceinte be coptvued, 
then position is a bettei one than that of the defendcisof the bleach, who yvould 
uceive no quaiter, yyhercas, men shut up in a casemate, which could not easily 
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be forced or destroyed, might make terms foi their lives However, this is pre- 
supposing that the besieger would hi each and storm the escarp -without baling 
pieviously destroyid the enfilade fire of the ditch 

In the third place, objection has been made to placing countersoaip casemates 
in the salient of the bastion on account of the guns flung across one anothci , 
but in tho case of either one or both the faces of the bastion being assaulted, it 
IS evident that aftei the flist discliaige the guniieis would only have to file 
straight to their front, the nature of gun and projectile being short 8-inch with 
grape or canister 

Fourthly — Iho fact of the gnns firing tow aids tho place would prevent the 
flanks being manned, but will not the fire from uninjured caseipatos completely 
raking tho ditch make up for the want of it from an exposed oiid piobably 
injured flank ^ 

Iifthly. — It is said that an enemy, pievious to an assault, might rondei these* 
casemates -useless by hanging obstacles ovei the diteli or loihng powder hairols 
down in then fiont , hut if considered for a moment, it will ho very plain that 
suoh a mode of attack could he fiustiated by the most oidmaiy precautions 

Lastly — ^It may bo said that then ventilation is difiicult , hut it appears that 
owing to their unexposed situation, openings under tho arch may be much 
laigor and more numerous than usual , so that, though smoko will not quiclcly 
rise out of the ditch, sufficieut air, which is all that is necessary, w ill be supiihed. 

In the foiegoing remarks, at has been not only claimed for oounteisoaip case- 
mates, that they have the advantage oi being well piotected from direct oi cm ved 
fire, but that their adoption is the least expcnsii o mode of giving a work the addi- 
tional defence of countermines, compelling tho hcsicgei to attack w ith mines 
Within a limited aiea, undei disad-i aiitagcs wliith will bo evident from an inspec- 
tion of any of the hastioned systems The casemates themselves may he cheaply 
constructed, the piers and arches alone icquuing any gieat strength In new 
Woiks, obtuse lunette bastions may be substituted tor tho existing form, the fire 
of the casemates from then counteiscai'p saUents meeting m front of the curtain, 
01 a tenoillo wall, and leavmg no dead space , the ravelin remaining as it is , 
giving a much simpler form to tho existing systems, and allo-wiug of tho main 
escarp revetment being oonsideiably loweicd Thus wo have — tho direct fire, the 
well flanked ditch, andless expensive construction of the German system, together 
with that povvei of checking the adi ance of the sap, due to tho sahonts of the 
hastioned system In old woiks the countei scarp casemutes, together with their 
communioations, will not cost much more than casemates in the flanks of the 
bastion, and certainly much less if either of the following means ot protecting 
the latter were resorted to 

Firstly — By plating with iron or using it m such a way in the constiuotion 
as to make a wall which will lesist any projectile that could strike it ^Vhoro 
casemates m flanks already existed, non plating them would probably ho pie- 
ferred to oonstiucting new cosemates in the counterscarp sahent, but even if 
such a decision were come to, it might be fauly asked, -what mode of combining 
iron with hiiok and stone mosoniy, in a sabstantial, poimanent, and economic 
■wey , applicable to casemates, has as yet been discoveied P And should casemates 
in the flank not already exist, what objections to having them in the oounterscaip 
oierweigh the advantage of getting over the necessity of using uonP 
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Secondly — By adopting tlie plan proposed by Mens Piron, of tlio Belgian 
Enginoeis, in bis Essay on Fortification, published in 1859, and one long since 
suggested by Maiabal Sa've and otlieis ot bis time , which is, to protect tbo face 
of a casemate by the election in hoiit of it of a detached “convre face,” some 
thing ill the foim of a budge, the picis and aicbes of winch coincide with thosi 
of the casemates Though not coming up to Mhat is claimed foi tunnel embiii- 
zuies by then miontoi, it is eyident that while they stood they would protect 
tlie casemate ftom the cuned flie of the besieger, except perhaps m the case of 
a shot grazing the bottom of the ditch at a veiy low angle, to which riBed 
projectiles ha\ e a known tendency It would however bo possible to achieve then 
demohtion by elongated shells, the destrnotiTe qnahties of which aie not taken 
into account in Mons Puon’s calculations, lesulting m the exposure of the 
casemates, oi their guns being moie or less masked by the debris In itself 
the “oouvre face” may be objectionable Fust, owing to the difficulty of 
adapting it to many old works, without a most costly reoonstiuctiou of the 
orillons of the bastion Secomlly, that although giving a \eiy peifeot sjstera 
of ditch defence as applied by Mons Piron to the Qoiman system, and ilhis 
trated m his “Deoagone i caponnidies,” it entails a laigo amount of ditch 
esoavation and revetment To those who would enter more fully into the study 
of this subject, I leoommend his most inteiesting essay 

Othei modes of piotectmg a flank from curved fire, such as deepening the 
ditch, or electing bonnettes on the glacis, might be suggested, but these again, 
while they correct one evil oieate another. 

In concluding, I have to apologise foi occupying so much space in tiyiiig to 
prove the advantage of a system of ditch defence, the existence of which alieady 
in a few situations shows that it has been pieviously adopted So I must again 
remind my readeis that tho aigiiment is based on certain piesumed changes in 
the mode of attack and defence of foitified places, due to the mtioduotion of 
lifted aims, and that the desiie of the Inspector General of Foi tifications, 
exptessed m a circular to the Coips in 1857, bmds evoiy officer to make the 
lesults likely to ause from these changes a mattei foi thought and examination 

C E WEBBER, 

Captain, Royal Engineeis, 

"Woolwich, 28th Mai, 1863 
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ON PONTOON.*^ 

By LIEUT COLONEL J W LOA ELL, C 11 , B E 


"Without euteung into tho question of the pieciso meaning of tlio \Yoid 
pontoon, I proposQ to use it in this papti simply as the name now gencinlly 
given to those vessels which toim pait ol poitable InidgL equipments, nuclyhioh 
aie used as tho supports of the roadway whcio a floating budge is lequned It 
must be boino in mmd, howeici, that tho bridges so foimed aie puioly foi 
tempoiaij puiposes, and should always be replaced as soon as possible by otheia 
made of stiongoi and moie durable material, whenever it is nooessaiy that 
communication across a rivei should bo of peimnnent oluuactei 

These floating v easels have been made of many diffcient forms and sizes, and 
of almost eveij description of material -which could he made luailablo foi their 
consti notion Tho gieat objects sought loi in all the vaiious changes being the 
eiBoiency of the biidgo in lespect to mobilitj and power of support Hoy over, 
as great diiflculty has boon oxpenenced in the combmutioii of those two essential 
qualities, we find that m most systems one or the otliei has been sacuficed 
acooiding as the minds of the mvontois have been biimsed by wlint they hnvi. 
read or seen of the causes oi foiluie of budge equipments, and while histoij 
records many failures of bridges thiough tho lattoi, which is tho most important 
quality, having boon neglected to insiiie the former, it also piesents seveml 
instances where skilful combinations of stiategical opeiations have been fins- 
trated in consequence of the tardiness of movement of the budge equipments 

The onus of these failuies is generally laid upon the poutooners, and most 
probably the same would be the case in any futiiie similai occasions, and it is, 
therofoio, incumbent upon the Koyal Engineers, who aie tho poutooneis of the 
Biitish Army, as they value the credit of the Coips, to make thenisehcs 
acquainted with the requiiements of bridge equipments, and to asceitam how 
fai these would be met by the roateml with which they would be famished foi 
the formation of mihtary bridges m tune of war 

In studying the pontoon equipment of bye-gone dajs and those of tho piesent 
time, every person must be struck by the gieat difieiences which have existed, 
and which do exist, not only m the floating powei oi buoyancy ot each -vessel of 
the different equipments, but also in. the total power of suppoit given to the 
roadway of the bndge 

At the first glance it is evident that -within ceitain limits it matteis but little 
whether tbe total buoyancy lequmed to suppoit the roadway is made up by a 
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s,igo numlier of small, oi a small numbci of laige vessels, piovicled that the 
ggiegato 18 equal to the load nlucli can bo bionglit on tJio biidgo This, of 
ouise, letcih mciely to the question of buoyancj, as othei considerations do 
vist which -would lend to tho piefoience of either laigo oi small lessels, but at 
ncsent these will not bo taken into account Now, the load ■nliich a military 
iiidge IS lequiied to suppoit is only that of the various component paits ot nn 
,imy under the seieial conditions in ’nliich they may bo met in wai , and wo 
ill know sufficient of the otganization ot the aimies of the pimcipal nations in 
ho woild to be aivaie that the load to be expected must bo tho same foi every 
iiidge equipment, and, theiofoie, the power of the budges need not vary on this 
.coouut Again, although the livers in vaiious countries diffoi veij much in 
lieu width, depth, and in the shength of the cuiient, &o , yet bisdge equip- 
nents should ho ooustructed quite ns much w ith the view to their employment in 
iiu neighboui's ns m our own countiy, ond heie, thcietoie, we can disoovoi no 
[ood leasou toi the difteicnoo of powei which I lia\e noticed 
In 01 del to facilitate the consideration of the powei of n bridge to support a 
(lad, wluoli is tlio quality of primaiy impoitance in all equipments, I have 
nopal ed a tabic showing what is the actual powei of seveial equipments of which 
[ can find authentic accounts That powei has been calculated as follows — 
Fioia the total displacement of the pontoon has been deducted its own weight 
vith that of its fitments, together with that of one bay of the suporstiuotme, 
■lid the remamdei is the entiie powci of suppoit of the pontoon lu the case of 
ipen pontoons, one-fourth of this remainder, and in closed vessels one-tenth, has 
lecn deducted as suiplus buoyancy, and this second remamdei being divided by 
die mtei val at which tho pontoons aie placed in budge has been taken as the 
lower of the biidgo pel lineal foot of loaclway, which is shown at column 11 of 
ho table In the novt column is shown tho gieatost weight which can he 
nought on tho budge, calculating at 110 lbs pci supcitlcial foot of the loadway, 
incl as the width ot the loadway vanes in many systems, you will notice that 
:he maximum load also -taiies my considouihly In the next column is shown 
;lio gieatost oidmaij load, which is about 360 lbs piei lineal foot of theioadway, 
ind is, thoiofoic, the same foi all equipments of which the loadwaj has a width 
suthoient foi intaiitij maichingiii louis 
The fii St iiontuon on the table is that pioposed by Goneial Gubeauval, and 
nliich was always found to be of sufhcient powei to allow the usual loads to 
pass otu it, but I cannot trace any recoid of its hating been very severely tried 
it any time The pontoon ot this equipment was caiued on one waggon, and 
the siijaeistruotuie on another, hut even ti^n the waggons wcie so heavy that it 
was found impossible foi them to accompany tho army in lapid movements 
Tho seoond pontoon is that constiuctod by tho Ficncli upon the model of the 
Austuan pontoon, which was in ^veiy geneial use on the contingnt of Euiope 
about the end of the eighteenth centuiy It is leeoidcd of this pontoon that 
bridges formed with it failed three times on account of insufficient buoyancy, and 
the great ohsti notion caused to the flow of thccunent lu the sti earns la which it 
was used , and in tlie retreat of the Fiench aimy from Kussio, the equipment, 
of wlueh this pontoon was the basis, was so nn wieldly, that to prevent its falling 
into the hands of the Kussians it was biunt, although at tho time the Prenoli 
pontoouers well Icnew that in a few days they would be called upon to foim a 



budge foi the passage of IhoFieiiohaimyovci theiuei Beiesiin Tlic pontoon 
and the material foi one bay was cauied on one waggon, which, when loaded, 
weighed 5,800 lbs Tlieae pontoons havo been mti odn cod chiofly as staudai ds to 
which to compnie those of other aj atoms 

Tho thud and fourth pontoons me those which weie iii use in the Fionch 
auny until 1853 The foimcr was oauied niththo leai guaid of tho airay 
The lattei accompanied tho advanced gumd, and was mtiodmcd because the 
resell 0 equipment liad not sufficiout mobility Finding that the plan of heopmg 
up two diffoicnt equipments was attended with many meon\ enicnocR, besides 
being veiy unocononneal, tho Fiencli, in 1853, ahaiidoucd these tno equipments 
nud adopted that which stands iifth on tho list, and of which tho pioutoons aie 
of similai dimensions to those of the foimei loseiie equipments, but the matenal 
ot n hioh they are constiuotod is ot a lightex dcsouption, the bottom and sides 
being of fii planks about 1 inch thick, nailed to a fiamowork of wooden nbs 
3 inoheshy 2^ inches The batoaui. aio quite open, and ha^e n flaio bow and 
stem, the Inttei being lather shortei than the foimei As ordinaiily auanged 
in bridges, these bateaux me placed at intcivals of 19 feet 8 inches, when, as 
is scon by tho table, the budge has a poivei ot 644 lbs pci lineal foot, and is 
quite equal to any oidinmy load dVlien icquued for oxtiaoidinaiy loads, the 
ueeossaiy powci is obtained bj dinmiislimg the inteivnls between tlie pontoons 
Li oidei to suppoit llOlbs poi supeifioial foot of a loadwny 10 feet wide, 
they would lequuo to be placed at inteivals of 11 9 feot, and the obstiuotioii to 
the passage of tho watei which would then bo offered by tho budge would be 
so gloat that in a lapid nvci the budge would be liable to be swept away , com 
pumg this cquiimicnt Muth the two pioposed as standmds, it will bo scon that 
it has onl3 about thieo-fouiths of the powei of that which has failed, and about 
onu-half of that which has been found efficient Foi tianspoit, two pontoons 
and the matoual for the superstiuotuie of two ba3's of tho road'say me subdi- 
vided between thico waggons, each diawn bj six hoises, and weighing about 
4,610 lbs (nSlbs poi hoise) Tho anchois, of Mhioh one is allowed to each of 
tliose bateaux, weigh about 115 lbs Finding that those bateaus., ui oonsequeneo 
of then gloat length, aio voiy uu wieldly when loaded on thou waggons, tho 
Flench pontoonors have lately proposed and made an equipment of derai- 
batoaux, each of which is just hall the suo ol those which they at piesent employ 
and with the buoyancy ot which they expicss themselves as being peitootlv 
satisfied This step, howoiei, is meioly the same as tho fiist of those taken by 
Ciiago and Ciivalh , and, as the lattoi found that tho dcmi bateaux weic not 
tonvemeut foi bridge making, and, tboiofoie, giadually incieased then length 
until they again became Simply long bateaux with square stems, while the 
tonnor found that the two demi-bateaux, when joined togethei, weio maduquatc 
to the suppoit of the budge, and, therefoie, introduced a middle piece, wc 
uatm’ally conclude that the Fiench, also, will be led on to sometliing of the 
same kind The gieat defect of the Fiench bateaux appeals to ho their want*ot 
buoyancy, and the impossibility of foimmg a budge capable of suppoitiug the 
maximum load which may he brought upon it, without at tho same time 
increasing to a dOngeions extent the obstruction offered to the current, and it 
should be borne in mmd that pontoon budges tail quite as ficquontly from 
being washed away by the curient as fiom insufficient buoyancy Tho French 
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Lave disooveied the moonrenience of tho gioat longtli of tLcu pontoons, and 
this they me now attempting to lemedy 

Tlie baulks of this equipment aio laid with doublo beaiings, that is, thoy 
extend across both the bateaux on which thoy lest, niid must, necessarily, 
be veiy long (26 feet 3 inches) and unwicldly foi tianspoid;, with tho idea 
of making them pack m a smallci space, it is now pioposed hy tho Fioiich 
to make them in three pieces, that pmt which extends between the bateaux 
being m one piece, and those which he aeioss the bateaux being attached to it 
by hinges so that they can be folded together, and thus ho more compactly foi 
transpoi t 

The Fieneh have made many oxpeiiraents as to tho material which is best 
adapted foi covermg then pontoons, and have decided that wood is preferable 
to all others as yet brought to then notice The sheet non coiiugated according 
to Ml Fiauois’s pattern they condemn, on account of its being so difficult to 
repair when iiijmed, ond flat sheet iron thoy disappiovo of for the same leason, 
and thoy also say that it is found by expeiimeiit that the injury caused hy a 
blow of a iiflo bullet is muoh less in a pontoon covered with wood than in one 
coveied with flat non of stiength equal to the wood of then piesont pontoons 
Copper and tin, as well ns canvasB, they have also tiled, but have fouud cause 
not to adopt them 

Omitting tho Enghsh pontoons, the next which wo come to, at lino 16 of the 
table, is tliat of the Austrian, oi Buago pattern, which is now so generally 
employed by continental nimies I have made an abstract of the original 
pontoons of this pattern, and of those which aie now adopted in Austim, in 
order that the two may be oompmed Tho oiigmal pattern was of fir planking 
nailed to a wooden fiamowoik, and the pontoon was foi mod of sevoial pieces of 
two diffoient forms, one called tho bow piece, the othei the piism oi middle 
piece These aio provided in the bridge equipment in the piopoition of 8 of the 
forniei to 7 of the lattei When used to foim a biidgo, each suppoitmg body 
IS made by oouplmg together two bow pieces, oi a bow and middle piece, oi by 
fixing a bow piece to eaoli end of the middle piece, the latter method being 
adopted only when gioat powei of suppoit is loquiied Tho interval in budge 
is always the same, being deteimmod by tho length of the baulks, each end of 
which IS provided with a cleat having a notch cut in it to clasp a stiong beam 
01 ti ansom, which hes over the axis of the pontoon, aud is suppoi ted at its oouti o 
by a block lesting on the connection of the two pieces of the pontoons, and at 
its ends hy two tiansoms laid across from gunwale to gunwale The baullcs me 
not lashed to the pontoons, and the transom is only seem ed at its middle to a 
crutch which tuins upon a pivot, by which means, m a iivei whole the current 
IS oblique to the diieotion of the budge, the pontoons may be mooied so that 
they may place themselves paiallel to tho direction oi the euuent without dis- 
turbing the alignment of tho loadway This is supposed to be a gi eat advantage, 
hut in the woi of 1359 in Italy, the Italian pontooiieis found that this freedom 
of motion was attended with snob dangei to the budge that they adopted a plan 
for seouimg the transom flimly to the pontoon The baulks lest eutiiely on tho 
transom, and do not beat m any way on tho sides of the pontoon, which theie- 
fore, has nothing to keep it level m the water, and should the ti ansom not he 
exactly ovei the axis of the pontoon, that side_to which it is neaiest beais most 
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of the Tveight, and is, of couiae, most deeply depi eased , the pontoon, iiiulci tl csr 
ciicumstancos, appeals liable to bo filled by the waves when the bridge is under an\ 
heavy load The middle piece baa the toim of a tiuncated piiam, being 1 1 let t 
d inches long, 0 feet 1 J inches wide at the top, and 1 loot (5 inclics m ido it tlie bet 
tom, and 2 feet 6 inches deep in the oiigiiinl pattern, and 1 1 fcit 4 inches long, (> 
foet 2 J inches wide at the top, and 6 feet SJ inches m ide nt tho hotto n, and 2 hi t 
V mohea deep in tho now pattern, the additional width in the bottom having 
been added m oonsegueacB of expeiiente having shown that the oiiginal pattern 
was not sufficiently buoyant, and tho additional height or depth was oihkd with 
a view to obviate the necessity ot making use of a canvass wnsli slicak, which 
was placed on the gunwale m windy weathei to pi event the waves flora washing 
into the original pontoon The piovv, oi bow piece, of both pattoins bus a sq^uaic 
fitorn, at which point, and foi n distance of 8 feet, the tiaiisveise section is tho 
same ns that of the middle piece, the piow piece is 14 feet long, and has a 
fiaiebowiand the sides gradually curve in, so that at the bow the distance 
between the gunwales is 3 toot 10 inches The object of this sub-division ot 
the pontoon appeals to be to make the equipment moie mobile, and at tho 
same time to make provision foi adding to tho powci of the budge, when neoes 
saiy, without inoieasmg the obstiuction opposed to the flow of the cuiient 
The pontoons— when tho budge is piepaicd foi oidinaij loads — aic toinicd 
of one bow and a middle piece, oi two bow pieces, and when piepoicd foi 
ei-traoidinaiy loads of two bow pieces and one middle piece In the oiiginal 
eqiupnient two kinds of ancbois weie used, one vveigbing 148 lbs, and tho 
other 99 lbs , in the new equipment the laige anchoi otilj is emploj ed, tlie 
other having been found to bo inefficient With legaid to tho powci ot tho 
bridges foimod with the pontoons of tho ougmnl pattein, which woio made ol 
wood, it will bo seen that when they consisted of two pieces coupled togothei, it 
was about five eighths of that which lailcd (No 2 on the table), and about five- 
twelfths of that which was efficient (No 1) When the pontoons wcie made ot 
three pieces, tho powei was laised to about tho same as that ot No 2, and about 
two-tlnids of No 1 In neithei case was tho bridge equal to tho theoictieal 
load As might natuially be supposed, these oiigmal budges weio found to 
have insufflciGut buoyancy, and othois of the new pattern w'ero constiucted 
which gave to the bridge, when piepaied for oidinaiy loads, a grcatci powci 
than IS theoretically neccssaiy, and when piepaied for oxtiaoidmaiy loads a 
powei nearly equal to the maximum weight which can be brought upon it It 
appears doubtful, howevei, whcthei even these large pontoons have sufficient 
power, the loadway is narrow, 9 feet 4 inches, ns is seen by column 14 The 
Austrians now make their pontoons of*flat sheet non, which they prefci vei-y 
much to wood, or to conugated iron. The different parts of fho pontoons aio 
coupled together by hooks at the bottom, on the plan pioposod by the Belgians, 
and by soiew bolts at the top Some of the An'tiian pontooneis complain that 
their bridge material is not sufficiently simple, but it is almost iiuiversallj 
employed, whoUy, or in pmt, by the nations of Europe, and, theiefoic, must be 
supposed to have some good qualities 

Combined with this pontoon equipment is an anangemont of tiestles which 
can be used in the water, or on the pontoons resting either on planks on tho 
bottom, or on baulks laid oyei the axis of the pontoon. These tiestles stand on 
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only one leg at each end, tlie stabilitj of the budge, tlieiefoie, depends entuclj 
on the continuity and strength of the connection between its seveial paits niul 
the banka at each end When used in the watci these ticstles offci but little 
obstiuefion to the flow ot the cuueut, and as they nio easily manipulated are 
TciT useful in 1 1\ era not liable to sudden floods, but ns the height of the ti aiisoin 
cannot be quickly alteied to siiittho larviiig letelof the watei, thej aio not 
adapted to riteis aftccted by tides oi othci causes of lapidiise and fall The 
baulks used with the Austiian pontoons nie 21 feet 8 inolics long, and ns 
they are transpoited on tho same waggons as the pieces ot the pontoon, it does 
not appear that any ad-vantnge with lespect to tinning the caiiinges m naiiow 
roads is gamed by the lattei being made so very shoit 

The Prussian pontoon is tho noi-t on the table, and here again I have absti acted 
the dimensions, &o , of the pattern which has been lately abandoned, and of 
that which has taken its place The formei was made entiiely of wood, tho lattei 
IS entuoly of non, with the e\ception of the gunwale and tho fendeis which are 
placed on the out'-ide of the bateaux As m the Blanshaid system, the Piussmn 
budges are foimed with tho pontoons placed at intenals which vaiy accoidiiig 
to the nature of the load foi which they aie intended , tho pontoons of tho 
original pattern, vide Imes 22, 23, 21, and column 11 of the table, are not equal 
to the gieateat of the ordinary loads, even when theyaie placed at the close 
order intervals The bridges foinied of tho new pattcin aie all equal to the 
greatest ordinary load, hut when tlie pontoons aie at close older the budge has 
not more than throe quarters ot the power lequuod to support the gieatest load 
whioh can be brought upon it Theie can be but little doubt that tho Prussian 
bridge equipment would fail if bxought to a leally seveie test, and I under- 
stand, now, that it is not yet decided to adopt tho pattern of whioh I have last 
spoken The Piussians make use of two kinds of anohois, one weighing 160 lbs , 
and tho other, which is moie geneially employed, about 100 lbs Eipenments 
have been tued by the Prussians with a view to ascertain whether coiiugated 
iron would answei as a covenng foi the pontoons, hut they have rejected it on 
account of the difficulty of lepaii 

The next pontoons on the table are those of the Italian amy, invented or 
proposed by General Oavalh His original pontoon was formed of two pieces, 
each of which had a buoyancy equal to about that of one of Biiago’s prows, and 
half of one of his mid^e pieces, and CavaUi’s idea was to use these derai- 
batenux singly for ordinary loads, and to couple two togethei when the bridge 
was required for extiaoidinary weights As will bo seen by lefeicnCe to 
columns 11 and 12 of the table, they were not equal to the loads, the powei of 
the bridge when they w'ere used singly lieing only 402 lbs , and when used m 
twos, coupled together, 878 lbs pei lineal foot of budge, while the weighte to 
be borne weie respectively 660 and 1,082 lbs Tho powei of the demi-bateaux 
was then moreosed by adding'd feet to their length, making them 24 ft 6 m 
long, 5 ft 9 in wide at top, and 4 ft 4 in at the bottom, the depth being 
2 ft 10 m With these dimensions the power of tho budges was mci eased to 
851 and 1,178 lbs respectively, which is sufficient to satisfy the requirements ot 
an army However, owing to the groat length of the demi-bateaus, the strain 
upon the junction of Bic steins becomes so great that, without special means aio 
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takoii to ahengtlieii the bateaus, the budge is not safe The aiioliois cmploj ui 
■weigh about 1 32 Iba 

Ca\alli’a original baulks -wero raado with a logo hiiigo m the Lontio, so that 
they folded to half thou length foi tinnspoit It uns, howcvci, loimd to hi 
difficult to mako those hinges cvactly sinnlai, so that cath baulk might take 
an eq^ual share of the load, that they hare boon abandoned, mid baulks m one 
piece hare been adopted instead of them Tlicso baulks do not cioss on the 
bateaus., but then ends abut against n raised iib in the middle of a long plank 
rvhieh la auppoited ovei tho axis of tlie boat on beams laid fiotn guiimile to 
gunrvale Close to the ends of the baullts a hole is boicd, rvliich liLing piisstd 
ovei a pm in the longitudinal plunk on rrliitli thej rest, prerents the bateaux 
from pai ting asundei AVeio it not foi tho rr caknoas of tho jnuotuio ot these 
bateaux, and their great length for tianspoit, they rvould appear to be rory rvell 
suited foi budge puiposcs generally 

The llussian canvass xroutooii is the next of which I have to speak, and its 
dimensions, &.o , as shown at hues 36, 37, 38, of the table, are length 21 feet. 
Width ovei all 6 feet 3 inches, and depth 2 feet 4 inches, the borv and stem 
slopmg at an angle of 45° They consist of trro side fiames, rvhioh aie kept 
nsundei by cioss bars at the top and bottom, and the whole is hound closely 
togethei by meauB oi ropes which are trusted taut as ruth a touiniguet, a 
canvass cover is then sti etched oroi aU, and seemed to tho framework by nails 
Tho pontoon is veiy qmckly put together, and, with one bay of its superstruotuic, 
13 earned on a rvaggon. On account of the small amount of buoyancy in these 
pontoons they are placed very close togethei, and the florv of tho ouucnt is reiy 
much obstructed , the powci of tho budge thus termed is equal, and indeed 
lathoi exceeds the greatest oidinaiy load on the bridge, but is fai below tho 
gieatest extraordinary load The displacement given in the table is that duo 
to the form of the pontoon without any deduction for tho loss ot buoyancy, 
caused by the hendmg m of the canvass when the bndge is heavily loaded. 
The flames of these pontoons will last about 14 yeais, and the canvass 
about 7 or 8 with care, but I do not Hunk they are veiy efficient, and as the 
Russians make use reiy much of Birago pontoons, I boliovo they do not quite 
approve of their own, and in a few years they will piohably bo given up 

Tho Dutch pontoon — ^Imea 39, 40, 41, of the table, is of wood, and is much oi 
the same foim os the Piussian pontoon It is, howovei, dirided into trvo pieces 
for tho coiivenieuee of caiiiago , its absolute buoyancy is lather more than that 
of the Pi ussiau pontoons , but from the intei r als at rr hich they ai e placed, theso 
budges have less porvei than those of the Prussians, and it may bo expected th it 
they would he found inadequate to th^pui poses of wai 

The Belgian non iiontoon is the last of which I have to speak — lines 42, and 
43 on the table These pontoons are m iJie foim of an open domi-bateau, rrith 
a square stern, and a boat-shaped how , then dlbensions aie nearly the same as 
those of the lost pattern of the Cavalh pontoon, and they aie pioposed to bo 
used in tho same manner, that is, the budge when intended for oidmaij loads u 
formed mth single domi-bateaux, and when for extraordmaiy loads, with trvo 
bateaus coupled together by the stern, the budges so formed have ample 
hnoyaUoy for the loads winch may he brought upon them j being of iron, tho 
connections are more seoure than m the wooden bateaux of the Italians. Thu 



pontoon, liowevDi, is peculiaily liable to the objections uigod against all open 
1 cbsols, liioli IS thou liabilitj to be filled and sivamped by the waves '1 he 
gicatcst widtli of the bateaus, is about 4 oi 6 inches nboio the watei lino when 
the budge is not loaded, and the sides fall inivaids towaids the top about 0 
inches, thus foiining as it weie au incliiitd plane up which the wives can easily 
p'lhs The hows ot the pontoons aic ot the boat shape toi some dibtinoo above 
the vvatoi line, and then spread out until at the gunwale the bow is about 2 feet 
wide, the bateau, thus, not only has a good cut water, hut is piotectcd against 
the wash of the water which calls up in front when a heavy load is ciossiiig 
ovci a budge foimed in o stiong stieam The constinetiou of the bateaux is 
sinvple, and they are veiy duiahle, some which had been in constant use toi 14 
real B showing no sign of decay 

The Belgian etjuiptnont is also piovided with tiestles of a very ingenious con- 
stiuotion They consist of a strong hoam oi tiansom, on which lost the baulks 
of the loadway, and which is suppoitcd nt each end by a sliding bar or joke 
moving up aud down two of the legs of a tiipod, and capable of bemg adjusted 
and seouied at any height by pms passing thiough the legs These tiestles cau 
he used eilhoi m the vvatei, oi suppoitcd on the deuii bateaux, and as tlie sliding 
bais can v'oiy easily be laised oi loweiod, they aio peculiarly suitable foi 
cmplojnient in tidal rivois One gieat objection to the Belgian equipment is, 
that the pontoons aie heavy, and the loaded waggons aie long, and not easj 
to turn in iianow roads, the baulks aie 26 feet 3 inches m length, and the 
waggons weigh when loaded 4,410 lbs , requiring 4 horses to diaw them Taking 
the equipment altogothoi 1 have no hesitation m saying, that it appeals to he the 
simplest and most effloient yet pioduoed *■ 

Ilavmg now dosoiibed, in a veiy general mannoi, some of the pontoons 
employed by the nations on the continent of Eiiiopo, I pmipose to notice the 
most impoitant of those which have been tiied in England, confimug my obsei- 
vations chiefly to those matteis w Inch liav c lelcieiico to the question ol buov anoy, 
and I would call paiticulai attention to the veij small capacity which the 
invcniois of those systems appeal to have considcied ncccssaiy for each of the 
fiocting suppoits ot the budge, and nlso the gicnt want of powci m the vaiious 
budges foimed with them 

It must he home m mind also that none of these equipments have been 
hiought to the tost of actual waitoie in a campaign whoio then merits could be 
lullv piovcd Some of them, I believe, vvoio used in India, but I have not been 
able to obtain any impaitial account of the espeneiiee of the offloera who had 
chaigo of them 

Tlio old English pontoon which was Ssed by the Biitish Aimy in the Poniii- 
Biilar A¥ai vvas of almost the same pattern ns those which had been, employed by 
the oOiitinental nations in the middle of the eighteenth century, and having been 
found inefficient had been abanTlonod and leplaced bj otheis of neaily double, 
and in some cases, of more than double then capacity, According to Sir Howoid 
Douglas, these pontoons or bateaux were made of a wooden ftamewoik coveied 
on the outside, and lined ou the inside with tm, the sides, bottom, and ends 
being double, with a view to security against leakage, aud foiming also a watei- 
tight ohambei to provent the pontoon fiom smking in case of hemg filled with 
water. In plan the pontoon was lectongulai, the bottom was flat, and the sides 
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rose peipoiidiciJarly flora it, tlie ends ha\uig an mtlmnlion of 15° The Icngtli 
was 21ft, the bieadth 1ft 10 in, and the dLjitli 2 It iQi ui , thu iitight 
1,050 Ihs, and the buoyancy 13,002 lbs Those pontoons wcic giicn up on 
account of thoir unu loldiiicss, then liability to bo submcigcd, and tlic great 
obstiuction which w.is opposed to the cuiient bi the biidgis loiinod with them 
Oil the continent they wcio succeeded by otlicis ot the open oi bateau foiiii, 
but in the English Airay, m 1811, Sii Jarae>s Colleton, of the Iloyiil Stall Uoips, 
who witnessed several ot the iailuies with the old i'lighsh pontoon, coiireiied 
the idea ot using closed lessels of a eeiy ingemous de'sigii, winch liiul the 
advantages of being cheap and light, and at the sniiie tunc of siith simple 
constiuotion that they could be made in a ten shoit tunc by modeuitely shilled 
woihmca Using- his own wotds — “'Ihe geneuil idea was a buoy ot a figuio 
between that ot n cylindei and one foitned by the junction ot two cones at the 
bases, the diameteis ot which aie 4 tt , and the length 2l It, which iiguie 
(supported at tlie oentie by a slight wheel with niiotliti (>ft nt each side ot it 
dia-wn togothei by hoops ot lion, oi copper, keyed on both sides, and coated 
With nunoral tar) is intended to stand in the place of the couinioii pontoon both 
m the watei and on thecaiiiago tho packing of the buoys might bo icn- 
dei ed ranch easiei than that of the common pontoons by taking otf tho hoops, 
and packing up the staies in a small compass ” These buoys were proposed to 
be employed in pans yoked togcthci with an iiitcnal between them so ns to 
foim small lafts which could bo used la the place ot one of the old pontoons, and 
foi tho tianspoit of heavy artillciy several wcie connected togethei to foim a 
laigo raft 

Sir James Colleton also proposed smaller buoys 20 ft long, and 2 ft 4 in 
in diameter, two of which were to bo earned on one waggon , and he also pro- 
posed that a vessel of tin or coppei should bo used inside the staves In 1810, 
these small buoys wore divided into two parte, and an inoionso of powei and 
stability obtained by the addition of a cylindoi 4 ft in length which was intro- 
duced between tho two end pieces One of these buoys was made in 22 liouis 
by 10 oitifiocis, and cost £10 The staves were 1 in thick, and 6 in wide, the 
bows were made of vanous toims, some weio conical, and some weie in the fouu 
of a semi-spindle, the apex being in some oases in lino with tho axis, and m 
otheis with the oiroumfoience of the pontoon This mode of construction, if not 
exactly suitable for a peimanently organised bridge eq^uipment, might be vciy 
useful foi tempoiary pin poses where small means only' are available 

The late General Sii Chniles Pasley, to whom the Corps of Royal Engmeers 
owes BO much, was early in the field with various piojects for the improvement 
of the Biitish pontoons, and aftei man^ yeais ol study and practice ho produced 
the system which I have included in the table, and upon which he was engaged 
at the time of his death Each of the supporting bodies of his egmpment consists 
of two demi-bateaux coupled together by the sPem , they are made of copper 
sheathing on a fiamework of wood oi copper, and are closed above by a wooden 
deck, the tians verse section being a rectangle 2 ft 9 m wide, and 2 ft 5 in deep, 
the lower angles being rounded off by quadrants described with a radius of 
13 in , the how is similar to that of a boat, with a small cut-watei which is 
continued into a keel along the bottom, these demi-bateauxaio connected below 
by a rope lashing which is rove thiongh holes in the ends of tho keels, and. 
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iljovo by otboi lashings wluch are sccnied to iing holts fnstenotl mto tho dechs 
The baulks lest on, anil nio inniicd to, guni\alo jiioces \\hi6hlio on tho deck, 
and ate seemed to it by ropo lashings Those gunwales consist of two bennis 
of wood connected together by a jiaii ot long bingos in such a manuei that 
they fold iloso togcthci foi tianspoit, and open out to sueli a width that tho 
boiucis lest ovci the gunwales ot the pontoons As these gunwales have not 
snflieiciit stiflness to snppoit tho w'oiglit of tho loads passing o\ci the budge, tho 
Btiam upon the keel lashiugB la so gieat that they bicak, and thus endanger the 

Sii C Posley ineieased the thickness of the chesses fiom IJin to 2|iii , but 
does not give any leason for so doing The interval at whioh these pontoons 
Vieie supposed to he placed ui budge was 12 ft 6 in , and the budge then had a 
power equal to 481 lbs pei hnoal foot of loadw'ay, and when auanged for the 
standard loads of 600 lbs and 1,100 lbs , tho iiiteiials would reqiure to he made 
10 95 ft and 5 86 ft Each pan of dtun-hateaui aud the supoi structure of one 
bay was intended to be earned ou one two-wbeelcd cait, which, when loaded, 
weighed 6,110 lbs , and was pioposed to bo diawn by two lioises , the length, 
including the horses, being 26 ft 6 in , which ls about the diametei of the space 
in which the oait could be rcvoised This equipment, oi lathei one leiy similar, 
was tried ou the Medway agauist that pioposed by tho late Geneial Blanshard, 
of the Boyal Engineeis, which then gained the palm, and still contmnes the 
established pontoon of' the British Aimy 

Geneial Blanshard's pontoons consist of a cylinder of tin with hemisphei lool 
ends, the length being 22 ft 4m, and the diameter 2 ft 8 m The weight of 
one oylindei is 464 lbs , and tho displacement is equal to a buoyancy of 6,785 lbs 

Befoie the oylmdeis can he used foi the supports of tho hndge, a saddla 
weighing about 00 lbs must be lashed to them foi the snppoit of the baulks, 
which arc seemed to the saddles hj horizontal pins The intei val m budge vanes 
aoooiding to tho nature of the load which is expected, tho gientcst being 12 ft 
6 in, the least 8 It 4 in, aud tho intci mediate 10 it 5 m, the poweis of tho 
budges so torraed bemg 373, 681, and 476 lbs , and m oidoi to support tbs 
standard loads of 560 and 1,100 lbs it is nocossary to make tho mteuals 8 64 ft 
and 4 65 ft This oqmpinent is supipostd to possess great mobility, the two 
oylmdeis and two sots of supeistiuctme being cnriied on one waggon, which, 
when loaded, w'eighs 4,800 lbs , and is intended to bo drawn by tour horses j 
neiei having been tued on sen ice, theie is no smo recoid of this quahty of tho 
equipment, hut from what has been said of the results of espouments in peaoB 
time, there is little doubt m my mmd that the eqmpmeut will hieak down under 
the test ot actual woifaie • 

Bridges formed with these pontoons having pioiod very unstable and 
lively® nndei n passmg load, Mi Eoibes, who was for many yeais a ser- 
geant majoi in the Chips of Eojial Sappeis and Mmeis, proposed to remedy 
these defects by giving to the pontoons a tnangulai section, the sides of 
the tnauglo being ores ot ciicles, of which the clioids weio 2 tt 8 lu , and the 
versed sine ith of the choid, the ends being iiyramids of which the altitude was 
2 ft 8 m This section moieasod the weight of the pontoon, hut gave a con- 
tinually increasing area of beaimg sniface np to nearly the total immersion of 
the pontoon, thus mcicasiug the stability of the hiidgo It was also considoied 
that this peouliai fomi would give luoieasedi facility foi the pontoon to pass 
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through the water, oi which is tho same thing, would reduce voij much the 
pressure of tho cuiient upon tho budge On tual it avis found that the angles 
■were so liable to miuiy as to oountei balance any ad\antiigi-a \Ahiih this pontoon 
might he supposed to possess 

Captain Fouke, of tho Boval Engiiiceis la the iio-vt aaIio npptais ns an 
luventoi His pontoons Avheii complcto nic 2-1 it long, nul Iuiao a flat bottom 
2ft 8 in wide, with cuived sides mclming outAvaids until at a height of 1 ft 
9 in , the AVidth la 6 ft 3 in , Aihenco they fall iii igaiii until the top is 2 ft \a ide 
The bow and stein haie nn inclination of 36°, and aic coicicd in for a length of 
about 4ft , the lemainder of the pontoon hcirg open Tho OOA Cling is watei 
pioof cauinss attached to a numhoi of distinct iibs so that foi tianspoit it can 
be collapsed hko the belloivs of an accoidion, and when lequucd for a hiulge it 
can be extended by tivo stietchcis, which pass through tho stem tiansom and 
thiough a numhei of loops of iron on the top of tho ribs, and ht into sockets in 
the bow tiansom, the stietching being effected by means of sciow caps, which 
are applied at the stem end of the stietoheis On tho outside of tho canvass at 
all the flames oie ash hoops, wliith are intended to foim a case for tho cam iss 
when folded up, and to protect it ftom iniuiy vgiinst stones, &.c , when ei.tendod 
and used as a pontoon The weight of a pontoon and its stieteheis is 403 lbs , 
and the buoyancy due to the outline foim is 13,o041bs, but is reduced to 
8,466 lbs in consequence of the concaAitics foimcd in tho cam ass between the 
libs by the piossuie of tho watci on the* outside These pontoons nie pioposed 
to be placed in bridge at luteiials of 10 ft , tho powei of the budge being then 
641 lbs , and in order to snppoit the standiiid loads of 660 and 1,100 lbs , the 
intervals AAOuld requiie to be made 9 702 ft and 5 07 ft By experiment it 
has been found that tho piesame exerted by a current upon a budge foimed 
With these vessels is about thiee times as much as that upon a bridge ot equal 
powei foimed of Blanshaid's or Pasley’s pontoons, in consequence of the inequa- 
lities ot the suifaoo , and until this defect is remedied, the risk of the bridge 
being earned away by a stiong ourient would pi event tho adoption of these 
pontoons foi the gencial use of an ai-my, although there can he but little doubt 
that they nught be most useful in desultoiy opeiations 

Many trials have been made in England and in some of her foreign posses- 
sions with the Ameucan pontoons, which, ns is well known, are an tight bags 
made of canvass prepaied with india-rnbber, and which can be inflated byiineana 
of bellows, and then form cylindcis 22 ft long and 1 ft 8 in m diameter. Any 
number of these ovlmdeis can he connected to foim a pontoon, but the normal 
number is three, the weight of which is 420 lbs, and the buoyancy, when 
cornpletely inflated, 8,125 lbs Accoitlmg to the load which la expected, the 
intervals at which the pontoons are placed m bridge vaiy from 18 ft to 
14 ft 8 in , the power of the budges being then 307 and 393 lbs , and in order to 
support the standard loads of 1,100 and 660 lbs ,*the intervals would leqiinc to be 
reduced to 6 ft 7 in and 10 ft 9 in Tho great objection to these pontoons is, 
that the buoyancy depends on the material being peifectly air-tight, a condition 
whioli piactically it is almost impossible to mointam duiing the vicissitudes 
of war 


111 the foregoing summary I have puiposely abstained as much as possible 
fiom noticing any qualities of the pontoons except those which relate to their 
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buoyaacy On lefeienoo to the table which is attached to tins papei, it will be 
seen that pontoons have yaiied in dunonsions from those which weigh 4,500 
and 5,000 lbs , have a buoyancy of 45,000 lbs and require one waggon and 12 
hoises foi then tionspoit, without any snpeistructnre, to otheis which weigh 
103 lbs , liave a buoyancy of 8,400 lbs , and of which thiee, with the supeistruc- 
tnio of tluee bnjs of the loadway aie intended to he cairied on one waggon 
di awn by foiu horses In the powers of the budges a icmarkable ditfeience will 
also be peioeiyed, extending from 1,216 lbs to 393 Ihs per lineal foot of road- 
way, in budges arranged for the same description of load 

In most of the accounts which have been wiitten by the inventora of different 
systems of pontoons, the compaiisons, into which they entei, appeal to be tboda 
almost entirely with those of other inventoia, rather than with the actual 
requirements of seivice, and I have not been able to trace any clear chain of 
reasoning which has been followed m the arrangement of any eqmpnient, 
although theie is something to be learned from almost all who have wntten upon 
the subject 

Birago and Cavnlli give nioie infoimation than any other writers with whom 
I have met , and Captain Thieiry, of the Belgian Army, must have well under* 
stood his subject when he developed his system, which in nil its details bears the 
impress of having been well thought out by a clear practical head with good 
poweis of invention Unfortunately, I have not been able to find any of Ins 
memoirs 

Without wishing to be at all dogmatical, and with every desire to leam rather 
than to appear as a teacher of this veiy difficult subject, I will now state my 
own Views of the manner in which the details of an equipment should he 
worked out 

A pontoon equipment consists of a certain number of waggons which accom- 
pany an array in the field, and aie loaded with the material required to form 
tempoiary budges for the passage of the army over the rivers which may impede 
its movements These budges usually consist of a platform of planks lestmg on 
a chain of beams snppoited at then junctions by floating vessels There are 
many mmoi details, as cables, anchors, oais, &e , but the foiegoing aie those 
which are most important, and which must always be the chief consideration in 
a bridge equipment It is evident that each of the floating bodies must have 
suflacient buoyancy to support its own weight t that of the baulks, which bstend 
from it to one ot the adjacent pontoons, that of the chesses uhioh he upon 
them i together with so much of the passing load as can be placed upon the road- 
way between the axis ot the two pontoons and as the iisk of submergence of 
Open pontoons by the wash of the waves, fhe diag upon the cable, and the lateral 
osoiUntipns of the budge is very great, a certain amount of suiplus power must 
be allowed, which is usually effected by giving an extia buoyancy of f of the 
power of support, or, which is tile same thing, J of the passing load In open 
pontoons it is usually consideiod that the total buoyaucy is available, but as the 
stability of the bridge would be destroyed, when it is loaded to the extent of its 
ultimate buoyancy, a certam smplns is necessary, which I have taken at of the 
powei of suppoit, 01 ^ of the passing load All the materials of the equipment 
must he transiioited with the aimy, and one of the first things to be considered 
in an equipment is how it is to he cmwied 
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Captain Fowke allots tlireo pontoons and thieo biys of supeistintturo to one 
•waggon , General Blanshnid two , the Ficncli and Saidimnns two pontoons and 
two bays of Bupeistinetuie to thico waggons, the Bdgmns, Piuesians, and 
Russians, one to a waggon , General Pabloy one to a wliccled cai t Tho Austi lans 
employ 15 waggons, -which are oi foui ditlerent Linds, to cniiy 7^ pontoons, eight 
tiestles, and eight bays of supeistiucturo with all the iicceBsaiy tools and stoics 
for then repaii , but theio is such vauety m tho method of packing, that con- 
fusion might piohably occur weic that opci ition performed hastilj, and the loads 
of the dilieient waggons, not being aliquot xniits ot the budge, caunot easily 
he detached Tho weight whith is allotted to eaeh hoiso which diaws tho 
waggons 01 carta also aaiies considoiabh , Pisley vllowstwo hoisosto "5,100 lbs , 
01 1,550 lbs pel horse, the Russians give 6 hoises to 3,780 lbs, oi 030 lbs per 
horse Tlieso are two points which aie ojicn to diacussion, but without waiting 
for that I will pass on to othoi matters, and return to these aftcrwaids, supposing 
lu the mean time that we haie decided upon the weight to bo diawn by each 
horse, the numbei of hoises to which, for the sake ot mobility, the team tor each 
cart or waggon should bo limited, and the numbci of waggons which should be 
allotted to the transport of each unit of the equipment which may ho consideied as 
consisting of one pontoon and its fitments, and one bay of tho supoistiuotiue, toi I 
do not think it would bo adaisablo to enteitam tho compheated plan adopted by 
the Austrians 'flie above having been decided, ns well as the paiticiilar do- 
Boription, of pontoon winch is to bo adopted, tho weight of tho oais, cables, and 
mmoi fitments, togethei with that of the waggon and its npxmitonanoes must be 
deducted fiom tho total amount of draught allowed loi each unit, and tho 
remainder will bo that which is aeailablo for the transpoit of the pontoon, 
baulks, chesses, and anchors, and wo have to airauge the portions which 
should bo allotted to each of these aitielcs For this purpose we haio flist to 
consider tho weight which can be taken ovei (he bndge, and to leduoo it to the 
Imeal foot of roadway, tho surplus buoyancy being then taken at J of that weight 
Tho -weight bf the chesses must also bo reduced to the lineal foot of loadway as 
well as that of the baulks , tho lattei is ddficiilt on account of then scantlings 
varymg m proportion to the intoii al in badge, and the length vatymg according 
as they are laid with oential oi double bearings, &c , but having decided which 
of these methods should be adopted, the weight pei hnoal foot of roadway can 
be obtained approximately with sufflcieut accuracy foi practical purposes. No-w 
knowmg the weight of the pontoon pei cubic foot of its displacement, which varies 
according to its peculiar consti notion, we can ascoitam from it and tho above 
weights the amount of oubio capacity which is required in tho pontoon foi each 
hueal foot of the roadway ■, 


Let X be the capacity of the pontoon per lineal foot of loadway 
I „ load do , do , 

„ surplus buoyancy * do , 

c „ weight of the chesses do , 

6 „ weight of the baulks do , 

a „ weight of the pontoon per cuhic foot of capacity 

then X — ^ + + + 


in feet 
lulbs 


From * by multiplying by a we can got tho weight of tho pontoon per Imeal 
foot of roadway The weight of the anchor should vaiy in piopoitiou to tho 
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Bize ot the pontoons, and must bo included in tho calculations , and a cnn- 
■V omeiit mctliod of oflccting- tins is to allou accitam wight of anohoi for each 
cubic foot of capicitj in tlio pontoon, so that if ivo multiply j; by this wight ivc 
shall obtain the weight of anchor leq^iiiiod foi ouch lineal toot ot loadway 
Now, li we dn ide tho weight allowed on each waggon for tho tinnsport of these 
ai tides, (chesses, baulha, pontoon, and apcboi), by then weight pei hneal foot 
of bridge, we shall obtain the niimbci of lineal feet of budge which can be so 
cm lied, and multiplying this agam by tho mimbei of cubic foot lequired for the 
support of each Imenl foot of load way, wo shall find the total displacement 
which should bo allotted to the pontoon 

I now piopose to examine into the vaiions points which have been referred to 
before The first is the weight of load which should he allowed for each horse, 
and here wo are met at once by the question as to the degieo of mobility which 
the bridge equipment should possess 

In earliei times campaigns weie generally decided hy the fate of actions 
fought on well chosen ground, and tho success of these actions depended more 
01 less on. the tactical movements on tho field of battle Aimies manceuvred but 
slowly, and their budge equipments weie not leqniied to move moie quicWy than 
tho army Rapidity in the execution of strategical movements, was next found 
to have a marked influence on tho success of a geneial, and the budge equipments 
wei 0, therefoie, made lighter, so that they might take their pm t This rapidity 
of movement is now still moie developed, and is developing more and more 
each day, while the experience of late wars has shown that armies of gieat 
ntimoucal strength are coming into play, so tliat taking into aeoount the 
extended lange of the modem iiflcd aims, and the increased celerity of 
movement m the units of these large masses, it may be expected that battle 
fields will extend over a much largei aiea than hitherto, and that the tactical 
movements of tho troops will he so extended as to be almost of a strategiOEd 
chaiaotei, in which pontoon budges will most suiely be called upon to beai a 
pait, and foi this puiposo it will be neecssaiy that tho equipments should 
possess a great degree of mobility, and that tho peisonel and material should be 
so oigatiized that tho formation of the budges should piocced with the utmost 
rogulaiity and rapidity 

Not having had any piaotical experience m matters connected with draught 
in the field, I can meiely ofler an opinion that waggons smtable foi font hoisea 
would he more advantageous than those for six , not only because the actual 
woih done by each hoiso is gieatei, but, because if at any time it is necessary 
to give increased mobility to the woggoqs, it can bo effected without incicasmg 
the length of the team beyond what may be considered a good woikmg length 
Bridge equipments are not often leqmiod. to do so, but it might be necessary 
that they should move as quickjy as any othei bianch of tho aimy 

The weight which a horse should diaw is a snlgect upon which there has 
been much contioyersy, and on which I cannot obtain any trustwoithy opmion 
The Trench allow fiom. 560 to 060 lbs., besides the Weight ot the waggon The 
Ariill$rt*fs Manual lays down that 

4 hai scs should ho allowed to 24 cwt \ 

6 do 30 „ I 

8 do 3() „ ( 

48 „ J 


12 do 


[Including tho 
[ cauidgc 



ON roNlOONS 


The Rand hook fv) held Suvtee says the name, but uKo that lu prnctue 12 
hoisea only are eraplo'^ed foi tlio hon\itst load in the scimlo ( 21-poimdei 
lieighing SSowt), and that a gieitci iinmbci cinnot be Linplo-yed ivitli 
adi nntago The old hr iss ') pouiidei gun comph to ciglitd i3b t\v L 1 (p and 
yns dinivn by eight hoit.ca, and the pie&cnt ‘)-poiiiidLi Aimstiong gun WLigha 
35 ewt 16 lbs , and the ivaggon 38 cwt 3 qis , the foiniir is diawii bj six, and 
the kttoi by foui hoises The Fienth pontoon iiaggoii loaded wuighed 
6,760 lbs , and was diawn by BIX. horses My own opinion, liom what I have 
load* IS, that a total weight of 9 cwt is not too much to allow toi each ot the 
horses which would be tinjilo} cd in the di might of the pontoon tiani on oidmary 
occasions, and if the waggons me cikulitcd foi foui horses, the addition of an 
extra 2iair would icdueo the load per hoise to 6 cwt , and make the equipment 
buffloientlj mobile foi 111-5 purpose 

1 now pass to the consideration of tho budge matennl, and fiist, as to the 
ohosses, one limit to the length ot which is the width of loadway necessary for 
the troops crossing the hi idge Infantry in tours occupy 7 ft 4 in , and with the 
superuumaiary lank 9 ft 2 111 , aitiUeiy and waggons requiio 6 ft 6 m , and 
cavalry in two ranks about tho sanio The loadwoys ot tho early equipments 
weie 15 tt 6 in wide, but this has been leduced giidually until at present voiy 
tow me more than 10 ft wide, and in the Saidmnn seivice the loadway has 
been leduced to 8 ft 6m, in consequence of tho cxpeiieiice of the war of 1859 
The Belgian roadvyay is 9 ft 10 m wide It is nocessaiy that tho width of the 
loadway should he a minimum, in oidor that tho pontoons and other paits 
should be as small and light as possible, for as tho greatest weight, which it may 
be expected that a pontoon budge will bo called upon to support, is that of a 
oiowd of unarmed men, if tho roadway be wider than is absolutely leqnned for 
the passage of troops, it lueiely allows so much extia space on -which the above- 
mentionei load could be placed, for the suppoit of which, of course, additional 
buoyancy must be provided m the pontoons to piovent then suhmeigenco 
Speaking, then, fiom theory alone, 9 ft 6 in would be ample foi tho loadway, 
and as the latest espenenoe has induced the Italians to make then load way only 
8 ft 6 111 wide, I believe that between 9 ft and 9 ft 6 in would be found suffi- 
cient m practice, and I would propose to adopt 9 ft. 

Tho thickness or sliongth of the chesses depends upon tho load which they 
may have to suppoit, and the intervals between the baulks or beams on which 
they rest The greatest weight would be about half that which is supported on 
the hind wheels of a 24-poundor gun, 01 40-poundei Armstiong, which is about 
60 ovvt , the half of which is 30 cwt . Taking the hearing at 1 ft 0 iii , tho 
chesses -would lequire to he 1| in thick Most nations hav^e fired upon l^iii ns 
the pioper thickness, if the pilanks and chesses are made of fir , the Saidinians how- 
ever make theirs nearly 2 in , as, however, the -wear of the chesses need not he 
taken into account, IJin may, perhaps, be considoied sufficient In all equip- 
ments the chesses are made of «uoh a length as -will not only give room for tho 
roadway and tho nbands which aie employed to secure the ends of the planks, 
but wiU also allow the planks to pioject considerably beyond those nbands , this 
has always appeared to me to be of no set vice eithei to tho budge or to the hoops 
using it, and at the same time to add considerably to the length and weight of the 
chesses, and 1 Would, theiefore, reduce the length of the planks, so as to allow 
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Space merclj foi tho loadway and the ribands Hope lashings, which aie made 
tau( by means o( a shoit stick (called a rack), aio nsmillj employed foi secuung 
the ends of the planks to the baulks, and I have no hesitation in sajiiig that I 
La’ioue\ei seen these rack lashings so seemely made ns to stand tho stiain 
caused by tho oscillations of the budge, and it is vciy desuable that some better 
plan should he dec iscd foi this puipose In all foitign equipments a hand rope, 
called a “ garde fou,” is arranged along the sides ot the budge, and is considered 
to be c ery necessary , in most mstaiices Tihoie I have seen it prepared the sup- 
ports have been so weak that the rope, instead of being a safegnaid, has been 
rathei a trap to deceive those who tiustod to it , this is anothei point which 
requites impiovement 

The baulks aio the next subject, and here we must bear m mind the question 
of stowage for tianspoit Baulks aie laid in thiee different ways — with double 
healings, that is, with the baulk lesting on both gunwales of the pontoons which 
it connects, w'lth alternate double boaungs, that is, with eveiy other baulk 
resting on the two gunwales of one and one gunwale of the othei pontoon , and 
with ceutial healings, that is, when the baulks aie suppoitcdosei the axis of the 
pontoons The first method is said to give the gieatest stability to the budge, 
but it also requires the baulks to he much longer than is necessary with the 
two other methods , and it is supposed, also, that if the baulks are secured fii mly 
to the pontoons, the swell which may always be expected to arise during tho 
passage of an aimy over a budge is likely to strum the various paits of tlie 
budge I do not beheve that there is much foundation for this supposition, and 
mention it only because it is met with in the writings of many authors upon 
this subject, but always as a supposition Anotlier disadvantage of the double 
beaimg is, that twice as large a section of timber is employed to carry the 
roadway over the short beaimg fiom gunwale to gunwale of a pontoon, as is 
requiiodto support it ovei the long bearing between two pontoons, which is not 
an economical measuie Laying the baulks with alternate healings leducos their 
length, hut is supposed not to give so much stability to the budge, there is still 
too much timbei across the pontoons, and tho budge is nearly as iigid as in the 
former case When laid with cential bearings, tho baulks must be at least as 
long as in the last case, and as the length of the beanng is gi eater, the scant 
ling, and theiefore tho weight of the baulks must bo inoi eased, the bridge is, 
howevei, moio flexible, and therefore is supposed to be leas liable to be strained 
The Italians lay their baulks from centre to centre of the pontoons, but they 
are also supported at the gunwales, and the deflection of the middle of the 
baulk nndei a load causes then ends to sprmg, and thus unsettle the planks and 
strain tho rack lashings, &o The banlk* appeal to me to require some new 
arrangement in open pontoons, so that the parts which extend between and 
across the pontoons may have the proper propoitiou of strength without 
weakening the bridge, and nt'the same fame the length for packing may 
ho diminished The Fiench pontooners have endeavomed to accomplish 
the latter purpose by making then baulks in three pieces, that pait which 
extends between the two pontoons bemg m one length, and those which he across 
the pontoons being connected to it by hinges The weight of the baulks (and 
also that of the Besses), might be reduced by diminishing thou scantlings 
towards the cads, and X believe this might be effected without any disad- 
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Mintage It appeals to bo a fpiostion whctlioi non might not be ii'-cil in the 
construction of baul]i.s 

I mil now tiiko up tlio subject of the pontoons, and omitting, foi the 
piosent, any lefoionoe to Lho sue ot ttie ics-.clh, coiihidci m the first place 
tho geueial foim Pontoons haio luthcito been nindo of tuo fmms, open 
01 closed, and I undcistind tint nt the picsuit tunc Captain Powko is 
engaged lu the coiistiuohou ot 1 1 --bcls u Inch w ill comhint the adimtagcs ot 
both , if successful, tins niny be an impoitmt stop gaiued \U tho ciiliei pon- 
toon.? 01 bateaus, wcic open, but \ie lead that, fioni time to time, attempts weio 
mado to mtioduco closed yessels, iiom Mliieh eve may dieluee that ginse objoc 
tions must yeiv early base been found to CMst against open bateaus. On tho 
continent it la consideicd impeiatire tint jioiitoons should be so coustiueltd that 
they can bo used as lowboals, aud tho impoitanco of this ipuvlihoatiou is atknow- 
ledgod by tho suppoitois of tho closed \essols,niasmuoh as onool the thiol points 
studied in the cseioiso with these yessols has alwijs boon then founation into 
rafts, wluoh no doubt might bo omplojod with adiantago on many occasions, 
but at the same tune there aio circumstances undci which lo wheats only could 
bo employed, moio paitioulaily in vtiy strong cuiiouts It must be borne in 
mind that the open bateauv offoi still gi eater facilities foi the foiraation of lafts 
than closed yessels Although the cypoiience of tho Biitish ui tho war in the 
Peamsular was \eiy much against the open pontoons, which weie fiequently 
snbmeiged, it must be remembered that those which ucie then used weie of a 
very mdo form, and did not possess the piopei amount ot buojancM and then 
floois were \eiy sboit They were mooiod by cables attached to rings on tho 
outside of a piojeoting bow, a combination of extrcmolj udveiso conditions, so 
that the exponeuce thus gamed must bo consideied as opeiating rathei against 
the individual pontoon oonesined, than the form of \esscl yvhich it lepio- 
seutod. The advantage which tho closed vessel is consideied to possess is simply 
that it cannot be submerged, and that, therefore, a smaller and hghtei vessel 
svill be as efficient as one much huger and heaiiei, if it bo open Tins I do not 
quite agiee with , foi if we take the ease of a cylinder 1 foot m diameter, tho 
quantity of mateiial employed in, its consti notion would mako a somi-oylmdiir of 
double the diametei, and of a capacity, and theiefoie buoyancy, oquM' tq 
twice that of tho cylinder, and when immeiscd to an evtent equal to 
displacement of the smallei cylinder, the gunwales would still lemain 6 inches 
out of tho watei The disadvantages of tho closed vessels aic, tho difficulties of 
making and keeping them water-tight, of discos cring and lepairmg a lealc, and of 
clearing them of watei when a leak is ouco established — in addition to these they 
cannot be used without some aiiangement foi the support of tho baulks, tho 
interior space is not available for stowage ot matoiial, eithei op the waggons oi 
on hoard ship, and they cannot be used singly ii« the watei Open vessels have 
the one disadvantage, that they have hitheito pioved liable to submeision 
Experiments, which can alone decide the question of the superioiity of one foim 
over the othei, are voiy much needed, hut whatever the losult may be, I believe 
that it would be a gieat advantage if a vessel could be devised capable of being 
used os a rowboat, and also of bemg decked over, when employed m budge in 
Windy weathei 

From this we will pass on to the consideration of tho matoiial of which pon- 
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toons slionld be constiucted The eaily pontoons, or vessels employed as the 
suppoita of portable military budges, weie foimed of basket-woik co-vciod -with 
lealhei, and the same idea has been lovtved in later days, but without 
success , these were succeeded by laige bateaux foimed of oak, which being 
too heavy weie succeeded by otbeis of copper, tin, non, and various other 
mateiials, which, with addition ot canvass, ai-e in use at the present day 
If wo examine closely into the accounts received of these vanous mateunls, 
wo shall find that tm has never been emplojed foi any long period as a 
co\ Cling for pontoons in war time, on account of its want of strength, 
and the coiiosion to which it is extremely liable It ceitaruly has been 
employed for exeicise in England, but I believe that all who have been 
much engaged in the practice will acknowledge that the decay Of the metal hag 
been so rapid, that tlie cylinders would have been useless at the close of a 
season’s wear and teai on actual soivico Copper does not ooirode, but from its 
non elasticity and want of toughness, the pontoons very soon become indented 
to such an extent as would cause a great loss in the buoyancy of the vessels, 
and a great moiease to the obstiuction of the ouiient, while at the same time 
the piojeoting folds of the metal aio veiy liable to injury from blows or abia- 
sions against stones, &.o At present it appeals to be undecided whethei sheet 
irou IS to be preferred to wood of equal strength , the French have made expeii- 
ments, and say that the result has been that the iron is more liable to injury 
and moie difficult to repair than wood, all the other continental pontoonors aie 
Of the opposite opinion, and all, including the French, unite m condemning 
corrugated iron Besides the injuries caused by blows, the destruction of the 
pontoons by regular decay of the mateiial has to be considered, and the 
advantage here is incontestably on the pert of the iron , I myself have seen au 
iron pontoon which, after 14 yeais of consteut use, was to all appearance da 
serviceable as the day it was made, the only repairs which it had undergone 
being lenewing each year the mineral tar which was used to pioteot the metal 
from corrosion Diagonal planking has not yet been employed for the construc- 
tion of pontoons, for which I behove it to be partioulaily applicable, and should 
it be decided that closed vessels are to be preferred, this mateiial appears to bo well 
woi thy of trial * Foi open pontoons flat sheet iron will most probably be chosen, 
Wateiproof canvass has also been employed for many years as a covering of pon- 
toons by the Eussians, who still make use of it, and have many trains, three- 
quaiters of each of which consist of these Their great disadvant^e appears to 
he the obstruction which they offei to the currents th'ey are also somewhat 
difficult to manoouvre in rapid streams The canvass is merely stretched by 
hand ovgi the framework, so that it is net much stramed, and theiefoie is more 
likely to last for a considerable rime 

daptaul Fowke’s system bungs a great strain upon the canvass, particularly 
at +hr part near the bo™-, where *hr whole o’’ the “tranreg power is applied hi 
iin obhqio d tci ’lo.’, so ih t whik >k> imia-a rt t''c bof-on is no’ siretdiecl 
sulliLiciill' to gi\t it rig.di 1 , tha, 1 1 ;Lu bo,v i u-i'esj') -.ubmittcd to rn ui.'ue 
shall Mans miiio’ piiiT,S luighl Ubo bi tJvci'-C'llo InitPotkc iiuculoi lu rosr 
‘■It'd I'l be le- nodu'lin<' h a poT.iiion-<, ii lOV not be rdsibahle to su'im,’ ihtm to 
fi’uhv.1 L 1 cH 1 'J wo gi , I ad anl.igc' oL Ceplain Fowke priu+co i- are that 
laey pack mo an txuerielj smjl co>apas=, and that their v eight p-’ cuuic ffiot 
• Sn CO ib i V >5 wuie 1 1 hiio I ttu iioraird ihi-t d ago i Ip' n„ii,g hr;, bun p-opejcd 
for the CO struc lou on lO' — J IN, L 
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of diaplacement is leiy small, and so impoitanf mo tlip-,o two qimlilios tlml if 
the othei dofcots can bo overcome thci e appears to bo little doubt that they would 
stand n fair ehanco of siipciscding most otheis In tlio meiuitiiiio I nm miieh 
in favom of vesstls coveicd with flit sheet non 

We haao noa.t to considei the ninouiit of buoaaiicv or dimensions most 
advantageous for pontoons, and, nt iircsent, I would omit till eoiisideriitions 
as to dimensions fox packing, siijiposing onh that tho m eight of nil the pints of 
thomateiial is to he withm tho limit ot waggon tiunspoit Pontoons mnj ho 
eithei small oi Inige, and raa-y be eithoi long oi shoit, and bioad oi nauoiv, tho 
depth, of com so, iiuying with tho othex two dimensions To guide us in tins 
Bixbjeet wohaic to considei the stxhilitx nl the roadwixx, the npuhtx of foxinn- 
tion of the budge, the compiixativo weights of small and huge pontoons of similar 
construetiou, and the xolatue obstiuctioixs w'hioh they cause to a current, 
Thei 0 ax e special considei ations which fi'C an absolute limit to the minirauin length 
of the pontoon, but without entonug upon these, I puiposc to consider tho ahstiaot 
question as to tho piefeicncc which should be given to laigo or small pontoons 
Tho loads which can he distiibuted umfoimly oior the load way me the some in 
both cases, and the total powci of the budges must tliciefoie be equal, whether the 
Buppoiting bodies aie few and Hi ge, oi nianj aud small , hut besides the action of 
a uniform load wo must considei that of a lo id such as that of a gun carnage &e , 
which bears unevenlj on difleient puts of a budge, niid dining tho passage of 
whioh tho pontoons aio influenced in succession hoax y and light weights, aud 
aro thus alternately depressed and oleiatod, now, whateior he tho size of tlio 
pontoon, as it denies no assistance in buoj ancy fiom those adiaccnt to it, the dis- 
placement due to the loads must be equal in all eases, and as this displaocmciit is 
a function of the length and bieadth of tho pontoon, and tho depth of the immer- 
sion, it follows, that in older that this latter should be a rainiinum, the othei 
two dimensions should be as largo as possible , that is. with largo pontoons the 
undulating motion would he less than with those of smaller dimensions Tho 
roadways of floating bridges aro also eulqect to a tiansiersc oscillating motion, 
'due to the passmg loads acting alternatelj with gieatei oi less power on tho 
opposite sides of the centre of floatation of tho pontoons As the loadways 
should he of equal width whether thoxiontoons aio largo or small, the action 
which oanses the oscillations is tho same, aud with pontoons of similar oon- 
stmction the forces which tend to connteiaot tho motions in the bridges ale on 
one side tbe weight, and on the othei tho disploeomont of the disturbed portions 
of the pontoons, &.e , each acting at thou lospectivo oontics of gravity, tlio contie 
of motion being about midway between them , and it is evident that the longei 
the poti<ooli ilie giciter 1 .11 In Ihi di ,t«iiei fi.ni (iiJi-'iiiu <i<‘ lu ip lo *haf 
of gill ih , aiil liiL L 3 w '1 h.) "I. po. I s ln,‘ 1- h. lu glit iii 1 iiisp ni omrpt, 
ictpniLd to act at 11 J-" cf’i res , now ..s i].e“p<,wci ol ibese foici.'- no fiine- 
iions ot tlm ’i ml II a. d i u ' i oi ^'ic poiito„u iml the dejiln ol t i‘ fhpic ision, 
it fo 'owi that in c le. il lu ihi' l.i ii i 'im ht a in n inunijl'ie' iihei i,i„r’i.pen- 
hiuii-, -ilioilil he Ps large lu p i—ible ’<■ irrh, how Lie. is rm moi. mpoitiiiil 
iiiuhll 111 t! !■- •c-.p^e., P"- t’n le-is, lu'o I j i-,.il'a*ii)ii ■- piopoLuom'l to Uie ii oa 
of tl'P pontoon ui tho w u i line a uMiplieo hi ^t- long i it ibe ‘-ime poi.il 
The lesulmirc to tho mcio ihp’t-,-.ioi ei to the n >d 'i ii_- noHou, is siinpU 
proportional to the area of the pontoon at the watei line 

I will now pass to the question of the influence which the size of the pontoon 
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anti it mnat be borne in mind that these compaiiaona aie supposed to be made 
hctireen equiximents of similar constiuction As legaids loading and unloading 
the -wnggoiia, if the length and constiuction of the pontoons are such as to admit 
of the con\ciiient application of the power of an adequate nnmbci of men, there 
appears to he no good leison why, if the operations be well ai ranged, the faoihty 
of loading and unloadmg, and caiiying piontoons to the watei should be much 
affected by then size oi weight, piovided they aio within the limits suited for 
uaggou tianspoit in the field As lespects the baulks, which are the chief part 
of the matciial affected by any vniiationof the size of the pontoons, when they 
aie shoit and light it is thepiaotieo that each should be emiied by one man, who 
must of necessity balance it by the middle, in which position, in consequence of 
the impetus acqmied when the nnsuppoited ends me onco sot in motion, he has 
not much power to direct the baulk steadily in any required direction, and, con- 
soqnentlj , finds a difiiculty in adjusting it Should two men he employed, which, 
they can bo quite as easily as one, although they might actually handle a short 
and light baulk with moio facility and lapidity, yot the actual value of tha 
work done as lespccts tlio foimation and disinantlmg of the bridge is not so 
gloat as if they had cauiod a loiigoi baulk, provided its weight did not seriously 
interfeio with tho fieedom of then movements The plankmg would he the 
same m both cases, and the opciatioiis, in. which time may be gamed oi lost in 
tho actual formation of the budge when the pontoons aie onoe m the watei,axa 
casting the anchois, biingiug the pontoon into position, and booming out to the 
extent of the bay (I allude heie to the method of fonning budge by adding 
successive pontoons to the ends, winch is the method almost universally adopted 
on the continent in prefeience to booming out the whole bridge) As a sufficient 
mirabei of men can always bo placed in the pontoon to row or pole it to tha 
place wheie the anchoi is to be cast, tho time occupied m this pait of the Woik 
would bo about tho same in both cases m alow cuiients, but would he in favour 
of the laige pontoons in lapid sti earns with which the smallei vessels have not 
sufficient power to contend Tho anchois of large pontoons would, of course, be 
heavier, hut as tho vessels aie steadier on the watei, and allow more space for 
tho pontoonoers to oxeit thomselvos, I am of opinion that tho anchois could be 
oast with as much rapidity and with moio regulaiity fioni large than from small 
pontoons When the anchors are cast the pontoons aie allowed to drift down 
opposite to tho end of the biudgo, whuio they lie until required, when by a 
simple shifting of the cable they aie shcoied in by the ouirent quite as qUiokly 
it large as it small, when alongside, the baulks aie adjusted, the pontoon 
boomed out to the extent of the bay, and the budge end of the baulks secured to 
the bridge pontoon , now m this movement the opeiations which occupy the 
principal pdit of the time aia the adjusfments and socuimg of tho baulks, which 
would bo the same m both cases, booming out being veiy quickly poiformed It 
thus appears that with active men Ihoioughly piactised in a well arranged 
exercise there is no good reason why each of the seveial operations bofoie men- 
tioned should not he performed in the same tune with large as with small 
pontoons, pioVided thb two equipments are upon the same system j and, there- 
fore, that a bridge would be formed in loss time with laige than with small 
vessels, becauOo those opeiations, which aie tho same for each pontoon, are less 
frequently repeated As to the comparative weight of large and small pontoons 
of similar construction, whatever the material of which the coi ei'ing is formed, 
it must always haVo sufficient strength to lesist the blows and shocks to Which 
the vessels are liable, and which are nearly the same whether loi'ge or «nall, 
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and, tlierefoie, the ndJihonnl strength required in the former would he obtuinecl 
principally by increasing the dimeiisiona of the members of the frame upon 
winch the covering matoiial la placed, and aa this increase would not ho propor- 
tionate to that of the buoyancy, the compaiativo weight ot largo pontoons would 
not he so great na that of those of smaller dimensions 

The obstruction offered by a bridge to a current may bo divided into four 
parts, which nie respectncly due to the impact of the water on the bow, the 
faction on the surface of the body of the pontoon, and the resistance duo to the 
action of the water on the stem, and that offeicd by the cables The first and 
third of those are functions of the gieatcst immersed transvcise sections of the 
pontoons and factors which vary aceoiding as the entiancc and run of the pontoon 
are moio or less free IVith a definite load upon a budge of a given length, the 
aggregate v olume of those iiortions of the pontoons of which the submergence 
is duo to that load must bo the same, whatever be the length of the pontoons, 
and it may be assumed that the volume due to the weight of the budge material 
is also the same, and aa these volumes are the product of the length and mean 
area of the submerged portions of the pontoons, it is evident that the shoitei the 
pontoons the gi eater will bo the aioa ol the immersed section, and if the same 
faotois be supposed to bo applicable m each case, the gi eater will be the 
lesistanoes due to tho action of tlio water on the hows and sterns of the 
pontoons With respect to tho second, as tho bodies are similai, tho friotional 
Surface vanes simply as the squares, wlulo tho capacity or buoyancy varies as 
tho cubes of tho like dimensions, and, therefore, in a given length of budge, as 
the numbei of the pontoons vaiy os their capacity, the frictional area must ho 
greater with small than with laige pontoons The total strength icqmred in 
the cables depends on the above resistances, and, consequently, less power would 
secure a given length of budge formed with largo pontoons than would be 
necessary if supported on others of smaller dimensions, this total strength is 
besides divided between a smaller numbei of cables, the strength of which is 
proportional to tho square of the circumference, while tho suifaee Which they 
expose to the cun ent is m ducct piopoition to tho cireumforonoe , so that in 
aU four of the sub-divisions of the obstruction to the euirent, the advantage is 
decidedly m fav oui of largo pontoons 

From the foregoing lemarks it would, theiefore, appeal that theoretically in 
every respect, with the single evoeption of transpoitability on waggons, &c , 
the advantage is on the part of bridge equipments based on laige pontoonsr 

The points which appear to be open to discussion without entering intb any 
details with rogaid to particulai systems of equipment ore — 

1 —The degree of mobility which the equipment should po'sese 
S.-^The weight which should be allotted to each hoise in diaught 

3 — The number of hoises, or rather the weight which should be allowed to 
each waggon 

4 — ^The load foi which the bridge should he prepaied 
6 — The width of load way which is desiiable 

6 — The gieat question of tho relative supenoiity of open or closed pontoons 
7.— Whether the same equipment, which will satisfy the reqimements of an 
army engaged in scientific warfare, may be expected to bo also applicable to 
desultory operations against undisciplined troops, in winch our foioes are so 
often engaged in our foreign possessions 
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PAPER IX. 

•ESCllIPTION OF A TEMPORARY DAM APPLICABLE 
TO FIELD OPERATIONS 
By captain FIFE, Royal Engineers 

A executing canal works in Sind a few years back, it becatno uacesaary to 
se a canal with, all possible despatch, on account of a breach having taken 
oe m one of its banks, which peimitted the whole of the water to escape into 
I excavations of the now woiks 

The canal winch had to bo closed was one of the ordinary irrigation canals of 
country, filled by the rising of the inundation of the Indus and destitute of 
7 means of regulating its supply During the inundation peiiod it exactly 
embled a natural stream It was 30 feet wide at the water Ime, 9 feet deep, 
i the stream had a velocity of about 3 miles per hour The bed and banks 
isisted of alluvial soil, which had become Him by ago To effect the closing of 
canal theie were no materials ready Trees and brushwood had to be out 
vn and collected, and soil had to bo stored on each bank of the canal, such 
would very likely happen in efifectmg a similar operation in the field. 

I'l've date trees, 40 feet m length and about 1 foot m diameter, were procured 
i laid across the canal, two in one place, and thiee in another, the interval 
ng about 8 feet. Stiong stakes were diiven into the banks to pievent the 
;e trees from moving Three boughs, forked at one end, were then added as 
uts on the down-stieam side, one end of each strut resting on the canal 
1, while the forked end abutted against tho date trees The down stream 
;e trees were then loaded with a layer of brushwood and about 2 feet of soil 
I to this time, beyond tho fixing of the thieo struts, the passage of the water 
1 not been interfeied with, and thoio was no injurious action on the banks 
bed 

Two rows of saplmgs of from 2 to 4 inches in diametei and of from 1 to 12 feet 
lengUi, according to the position they weie intended to occupy, were next driven 
0 the bed of the canal, with their heads resting against the date trees, and 
intcivala of about 6 inches Directly tho lows of saplings were completed, 
lomes of about 3 feet in diameter, consisting of thin twigs with the leaves 
, were rolled into the stream above -the dam site, dropped down with the 
rront and jammed against the up stream low of saplings The first fascine 
IS placed on tho bed of the canal and coireaponded in length mth the bottom 
dth. The second fascine was-placed upon the fiist, and m length corresponded 
,th the width of the canal at that height above its bod The third fasome 
is similarly placed over the second As soon os tho fascines had been jammed 
to their places every hole that remained foi the stream to rush through was 
ipped with small fascines, brushwood in any shape, and grass matting Tit-o 
three thiohnessas of grass matting were also placed against the down-strfiam 
w of saplings, 

The fixing of tho saphngs ooonpied some hours and was done without hurry, 
id aaldner as the oueration lasted those fiist fixed woie fieauentiv examined. 
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necessaiy theyweie diiven down fuitlier with a mallet The stamiohing of 
the water by means of the fascines and matting was effected with all possible 
despatch and oocnpiod about an houi The etteet was gieat Below the dam 
the stieam of water was now lediieed to tliieo leet Above the dam there was 
an afflu\ of about 1 foot, and the smplus wntoi was toioed back to the Indus 
again There was then a head of 7 foot of water against the dam, and all 
possible vigilance had to bo used to pi event the foiming of laige leaks 
Not n moment was now to be lost m puihing on the eaitliwoik and rondeiing 
the whole secure Two lai ge mounds of oai th had been pi epared, ono on each 
bank, and 100 men with native hoes weic iilaced on each to pass the material 
down with all possible expedition To prevent the soil from melting into pap, 
and fro ra being oai nod away bj the leaking w atei , hve men went luto the canal on 
eaoh side, and placed then backs against the advancing eaitliwork They thus 
foinied a suppoitto the face of the oaithwoilc, and prevented it flora sinking 
and melting away, and thus delaying the completion of the work Indeed, it 
may he said that they pievented the tailuic of the work, foi with such mateiial 
8U00Q33 dopeuds entiiely upon the rapidity with which tho opeiations aio earned 
on, aftei intorfeionoe with the stieam has onoo been commenced As the oarth- 
■woik advanced towaids tho ccntie ot the canal, tho men weie foioed fovwaid till 
they met They did not get out of the watei, howevot, os long as there was 
standing room Wheievei a gap had to be filled, a man inserted himself till the 
earth gradually loroed him out Even with this precaution, a gieat deal of soil 
melted away, and when the two poitios of mon met in tho centre of the oanal, 
there was a depth of about foui feet of mud holow thou foot Tho eai th work was 
oonimeuoed at 7 p m , and was completed acioss the canal by 1 a m , the follow- 
ing morning As soon as tho oaithwoik had boon completed aoiosa between the 
two baiiiors, the dam was thickened, and made peifectly watertight and secure 
by addmg earth to its up stream slope, and laising it 
During the progiess of the earthwork, the strain which was at first borne by 
the up stream row of saplings, was tiausferied to tho down-stream tow and the 
stmts Every shovelful of earth which was thrown into the canal had a 
tendaney to jam ngamst the lower bauior, all the leakage and piessuro being 
fi pm the np-stream side In fact, eaoh shovelful of eai th acted like an additional 
blow to a wedge, and tho down-stream barnei was only maintained by means of 
the struts and the loading placed upon it at the commencement of the operations 
The tempo! ary dam above described is, m all its details, in common use lu one 
part of Smd, wheie the natives sometimes close a canal to raise its level and 
inundate then fields. Constant piactico at snoh woiks has taught them what 
danger to guaid ngamst, and the skiHan the design and the adaptation of means 
cannot hut be admiied 

It may be remarked that tho green wood which was used for the dam is much 
better than dry wood, because it has no tendency to float, and is, therefore, more 
manageable in the water It is also tonghei and, theiefore, less likely to give 
way than diy wood when applied to such a lough puipose 

The Qolleotiou of the materials and the consti notion of the dam occupied about 
48 hours. In military operations, where theie is perfect oigamzation, tho whole 
of the opeiations might be effected in 24 houis, supposing tho materials to be 
readily piocurable The collecting of the earth on tho banks should be com- 
menced by ationg parties simultaneously with the cutting and collecting of the 
trees and brushwood. 

J. G FIFE, Captain, Eoyal ilngineere. 





PAPER X. 


ON THE TTSES OP BALLOONS IN MILITARY 
OPERATIONS =f- 

By lieutenant G F GROI FR, R E 


The following paper, as its title implies, has foi its object the oonsideiation of 
the difloient uses to which balloons can be ad\ antageously applied in waifaro 
The mam question to bo decided appeals to bo— nie balloons capable of rendering 
sufficient service to an aimyongaged m active operations to make it worth While 
to authorise their employment as one of the resources of modem warfare This 
question, however, involves anothei, vu — Whethei the adiantages obtained 
from the employment of balloons are commensmate with the time, tiouble, 
ospeuae, and ordiuaiy difficulties necessaiily attendant upon their use P To 
investigate these questions I propose — 

Istly To inquire into the apparent piacticabihty of the different purposes for 
which it has been hitheito pioposed to use balloons in wai 
2ndly To examine the lesults of the expeiicnce affoided by pievions occasions 
on which balloons have been actually employed lor niihtaiy purposes 
8rdly To consider the objections usually laised against them , and 
4thly (On the supposition that then use would be beneficial in a military 
point of view) to oonsidei the best method of oiganizing the service, and 
worliing out the piactical details necessary for its eiccution 
But first of all, to prevent any mistake, 1 would point out that the word 
“ balloon ” is used lu this papei, m accordance with the oidinary popular accep- 
tation of the teim, to signify the machine complete with all its accesaones of 
ear, netting &o , though strictly speaking it applies only to the bag enclosing 
the gas, whose low specific giavity constitutes the motive power of the machine 
Balloon ascents (as eveiy one knows) ore now very fioquent and common ns 
popular spectacles, but with the exdbption of the small mesBage-droppuig 
hallooua used in the Aictic Regions by the searcheis aftei Sir John Fianklin, no 
practical apphcation seems to have been evei devised for thorn except m connec- 
tion with mihtaiy operations *Theu piobablo use m this capacity was pointed 
out by the very earliest piojectors of eehemes for aeiial loeomohon, almost 
indeed befoie balloons were invented, bnt tho means proposed to attain this end 
aie for the most part amusing in their absuidity, in consequence of the projectors’ 
Ignorance of the common laws of nature Though I have no intention of 
detaihng the history of the art of ballooning, I pioposo to touch briefly upon 
• ThiB Pspor was originally read at Chatham, on 23rd April, 1862 
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those eajly aeionautic pxojocta which iclate to the piescnt question of the use of 
balloons foi militaiy purposes 

The first of these was put foiwaitl bj an Italian Jesuit, Fianois Lana, who, m 
a book published at Bieseia in 1670, piopones to coiistiuct foui hollow copper 
spheres, each 20 feet in diamctei, and inch thick, and he calculates (being 
Ignorant of the piessuie of the suiiounding atmospheie) that if a vacuum were 
piocured in them they would use lioin the giound with a total force of 1,120 lbs 
This idea of iiaiiig into the an by ineana of hollow copper spihcies was, however, 
originally conceded some 400 jcais previously by our countiymnn Roger Bacon, 
who states that the seciet was known at the time to but one peison besides him- 
self Lana’s pamphlet infeientially points out the practical advantages that 
would arise from the powei of thus nionng through the air at will, for he 
earnestly prays God to aveit the danger that would result from the successful 
practice of the art ot aeionautica to the oxistence of civil government and of all 
human institutions “No walls oi foitifications," he says, “could then piotect 
cities, which might be completely subdued oi destroyed, without having the 
powei to make any soit of lesistanco, by a meie haudftil of darmg assailants, 
who shall vain down upon them flie and conflagration from the region of the 
clouds ” 

Another scheme of similar object was devised about 100 years later by a 
Dominican Friar, Joseph Gabon, Piofessor of Philosophy and Theology at the 
papal university of Avignon His pamphlet published in 1775 (not very long 
before the final invention of balloons) pioposes to collect the fine rarefied air of 
the upper legions, fai ahon. t' ( lo'‘tU'jt inon taiii', and li enclose it in ,i liuge 
cubical bajf Lun'*-! ittodof stOiU su 1 clot’i, t'u sulc ol the cube being upwuuls of 
ft ni 0 III length W ii)i -uch a rust nietluno it would bi po-iihlc (be thought.) to 
tiaiibgort a whole eimv and u.U thin ui’iiutions of wai boiii puieo to place as 
desired It is f stonishng, i itiet d, thiit -uch a -Moioii u i ‘•cl emo could ha\o been 
bcrioiisly ei'tcitaiiied loaicclj ninety yens ago by the Piulosjor oi Plulooopliv 
at a Cortinci'tal Limcisiiy 

III 1760 pn b fi\c TPiiis afte’ O I’ltn’a p oicci) the Montgoilai', made as arictv 
ot e\peiiirc'’ls whiiL iiMilteil i.i tl c eonsiiuctioii ot thin smoke balloons, thus 
lay Jig iho found, tion stoic us it nei h»< c, I'ed, ol iln lulloon-- of the present 
day 'llu 1 ’ ir> uh iic wa-, composed ot tu-use linen, w in a pipei luiiiig, it was 
pear-shaped, 75 feet high, and with a transverse diameter of 45 foot The smoke 
of 50 lbs of diy straw in small bundles, joined to that of 12 lbs of wool, wgs 
found sufficient to fill it in 10 minutes, the white smoke pioduoed from this oofn- 
bustion having a speoifto gravity of 7 that of atmospheiio air. 

As instances of the practical uses fhat the Montgolfiers pioposod to derive 
from their invention, they suggested that “ laige balloons might be employed for 
victualling ahesieged town, for inismg wrecked vessels, peihaps even for making 
voyages, and oeitainlyin particulai coses foi observations of different kinds, such 
as reconnoitoring the position of an army, oi the course of vessels at 25 oi even 
so leagues distance ’’ 

This lends ns at once into one of the divisions of the present paper — viz , the 
consideration of the respective values of the diffeicut military purposes to which 
it has been proposed to apply balloons The foregoing suggestion enuiijeratss 
three— VIZ,, throwing suppbes into a besieged town, the conveyance of jnessen- 
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geis ou jouineyfl, and the general pmposes of leconnoissaiico It has been also 
proposed to employ laigo balloons toi aeiial batteiics, and small ones as the 
cariiLis ot smglo aliells for veitical file 

With leforcnto to tbs fiist proposition — that of lebeving a besieged town — 
many objections at once piesent tbemsehes To suppoit in the air any quantity 
of pioMsiOns 01 mnnitions of war, a leij considoiable buoyant powei would bo 
necessaiy, lequuing citbci an iininensc balloon, if one only 'aoio employed, or a 
great nuinbei of smalloi ones, eitbei case involving the pioduction of gas on a 
veiy laige stale, which (difficult enough duiing pence, with ample time and 
convenience) would he doubtless quite unpiaotieable to the leheving force m 
actual wai Besides, as past experience shows that balloons in the air are 
entiiely at the ineicy of the wind, and no attempt at steering them has evei yet 
pvo\ed successful, it would be nccchsaiy (foi a balloon to move directly between 
two giien points) to wait until the wind happened to blow exactly in the 
lequuod diiootion Pinctioally this would be almost impossible, and of course 
time would be an object, but even supposing the balloon to ascend and piococd 
on its jouiney with the favouiuhle condition specified, there still remain the 
chances of the wind shifting whilst it is on its way, the possibility of its 
coming within lango of the enemy’s file, and tlio ddfioulties of malang a descent 
exactly upon the lequired spot As an instance of the difficulty of asceitaming 
one’s exact whereabouts aftei a long aeual journey, I would mention that when. 
Gieen’s laige balloon (after its long voyage from England) descended mNassau, 
the aeronauts were at flist actually in doubt whethei they had ahghted in 
Poland or Sweden The idea is, in fact, quite iiupraotioahle, and too much 
time perhaps has been alicady occupied lu soiiouslj discussing it 

Almost identically the same objections apply to the pioposed conveyance of 
troops or messengeis on long joiiinoys , hut tho idea of using balloons for atrial 
battoiies has been so frequently started and woikcd out as a feasible piojoet, that 
its alleged merits and defects would seem to deserve a more caieful investigation 
on the piesent occasion 

I have alieady mentioned Lana’s proposition, “ to ram down fire and confla- 
giatiou fiom the clouds” upon the devoted cities and lines of fortifloation 
beneath , and duiin^ the Ciimcan w ai it was sinulaily proposed to drop com- 
bustibles into Cronstadt fiom an elevation attained by means of a large balloon 
During the Indian mutiny in 1857, n Scotch gentleman, Mr Gillespiej took a 
great deal of trouble to convince the Goyeiiiment that atual batteiies were qmto 
practicable, and were very much wanted in the Bntish service As his project 
IS a fair specimen of most sohemes of tho kind, tho following brief desoiiptiou of 
it may prove mteiesting He proposed toe. also, by means of a balloon, a sqiiaie 
wooden platform, large enough to contain a dozen men and on unlimited number 
of loaded shells This platform having been carefully adiuated by means of 
three giiy ropes over tho ieqnued,spot, at a height above it of two miles (so as 
to he out of range of the enemy’s projectiles) the twelve men could, according 
to Mr Gillespie, effectually destroy the town or works beneath bydioppmg 
their shells upon them "When their ammunition was all expended it was pro- 
posed to use a small traveller balloon attached by a ring to one of tlie guy 
lopes, which could thus ascend to the plattoim with a fiesh supply 
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The mam balloon foi this pm pose ivns to be 40 feet in diametei, accoidiiig to 
the foUowmg calculations piepaied foi Mr Gillespio by Piotesaoi Sang, FUSE 


■Weight of platloira and party (at 13 stone per man) 2181 lbs 

Silk balloon, vairash, and netwoik 160 . 

Weight of hydrogen (with S Q of-^Jj) 201 - 

2005 - 

Weight of displaced an . 2013 - 


Excess of buoymey 8 - 

(But no account, it lyill bo noticed, lias been taken in these calculations of the 
weight of the shells upon the platloiiu ) 

The guy ropes -weie to be inches in cucuraferenee, to lesist a strain of 
484 lbs on the balloon, exeited by a wind blo'wmg at the late of 15 miles an 
hour, and additional balloons tiould ot couise be necessaiy to support these 
ropes This scheme was repoited upon by an ofidoei of oni corps, Lieutenant 
Looook, U E , and veiy suocessfnlly demolished by him It was shown in the 
first place that the scheme held out no peculiar advantages, oven allowing its 
feasibility The meie powoi of poiiimg shells piomisouously into a place is no 
gam, and they can be alieady thiown in with as much certainty and a gieat 
deal faster fiom shell guns and moitais It, however, an accurate adjustment 
ovei an enemy’s magazines oi the works to be attacked woio possible, an object 
would be certainly gamed, but at the elevation of two miles above the earth a 
perfectly calm day hardly, if ever, occurs, and the slightest wind would disar- 
lauge the adjustment The guns of a ground battery can rectify then aim by 
observing the effect of then last shot, and they can, without alteiing then 
position, dueot then file on several diffeient woiks Not so the balloon battery, 
and even with the aid of instruments, it would be almost impossible for the 
aeronauts to asoeitam the precise spot ovei which they were hovermg Each 
shell, before bemg launched from the swaying platform, would have acquired an 
initial velocity in a horizontal diiection, and it would consequently fall, not 
vertically, but in the ducction of a lesnltant between this force and that of 
gravity, supposmg the pressure of the wind upon it during its fall to be disre- 
gaided It would he impossible therefore to judge pieoisely how to correct the 
aim, i a the position of the platform, and the shell-dioppmg would be perfectly 
promiscuous 

These objections have been made to the scheme on the supposition that it la 
practicable j this has now to be considered The li-inoh rope proposed to letam 
the balloon to the earth has a safe woikmg powei of 484 lbs But each guy 
rope was to he miles in length, which would weigh OSVjIhs , and it would 
Consequently be torn asundei by its own weight, unless supported by auxiliary 
balloons at mtervals along its entire length- the objections to which aie suffi- 
oieutly obvious Takmg one balloon, theiefoia, as the sole suppoitmg power, it 
was calculated that, m ordei to snstam guy ropes of suiBcient strength to resist 
a prossme of wind blowing upon it nt the rate of 16 miles per hour, it should 
have a diameter of 386 feet This lesult was armed at on the assumption, by 
Lieut Looook, of seveial very favoni able conditions to the schema, viz , a neglect 
of the curve of the guy ropes, of the piossure of the wind upon them, and of the 
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■vveigkt of the balloon, paity, platfoim, ahella, &c I have oimttecl to enumerate 
nil the objections that might bo faiily uigod against tlie scheme , but it is con- 
sidered that the above result is quite a sufficient answer to such propositions 
for the employment of balloons as neiial batteries 

Another use foi them has been suggested by a Mi Gieeii, the son of the 
■well known ntronaut. He pi oposea to employ small balloons, each laige enough, 
to sustain one loaded shell, and to send them up duiing n favourable wind, so 
that they might bo wafted ovei towaids the onomY's position Whon they had 
ai lived over the spot determined upon, the action of a previously lighted slow 
match would simultaneously liberate tbe shell and destioy tlie balloon (the last 
operation being performed in oidci to preclude the possibility of its evei falling 
into the enemy’s hands, and bemg after wards used by him in a similar manner) 
It IS howovei evident that, in order to cusuro the success of this schemo, an 
accurate knowledge would be nccessaiy — Islly, of thopieciso distance of one’s 
own position fiom tbe enemy's woiks oi magazines to bt shelled in this manner , 
2ndly, of the evact velocity of the wind at the moment, this v olooity being 
assumed to romam uniloim , and didly, of the oYact altitude at which the 
balloon would be, and the v elocity it would have acqmiodat the moment of 
lotting fall the shell, which would not diop veitically downwards, in conse- 
qiieuco of its pievious motion These appeal insupoiablo obstacles in the way 
of the scheme’s success , but Mi Gieen said, when I mentioned them to him, 
that he had no doubt that at a siege the scieutiflc attainments Of the corps of 
Royal Kugiuoeis could easily overcome such slight difficulties as these The 
scheme may notwithbtandmg (like the othcis) be set aside, as impiaotioable, from 
fuithoi oonsideiatiou m this papei 

There appears no leaaon how^over why balloons should not be used at moderate 
elevations to assist leconnoitimg oflSceis (by virtually extending their horizon) 
m obtaining the required mfoimation concerning the nature of the surioundmg 
couutiy and the movements ot the enemy They need not neoessanly be within 
range of the enemy’s piojectiles, and a shght ekvation would probably be found 
sufficient, when it is lonicmbeied that at the altitude of about flOO feet objects 
may be plainly distinguished on a clear day at a distance of twenty miles This 
IS piirtioulaily pointed out by Sii 'William Reid, who, when Governor of Malta 
ui 18u5, foiwaidcd to the Wai Office a pioposal fiom n Dr CoUmgs, to uso 
" spy balloons ” (ns he called them) m the Crimea This gentleman pi oposed 
to attain an elevation of 9,000 feet, and though only one letaining rope was 
allowed foi, tbe buoyancy lequned foi this purpose would necessitate the use of 
a balloon 70 feet in diameter, if inflated with hydiogen gas havmg a speciflo 
gravity jth that of atmospheric air « 

Su William Held wiites, “ as balloons were snocessfully used more than sixty 
years hick, by a Hiench army, they may perhaps ho made of some use in the 
Crimea juht now To laise an o]jservei even 200 oi 300 feet above a fortified 
position might enable assailants to foim more corieot ideas on innei mtrenoh- 
ments than when only viewing such a position fiom a height of equal altitude 

• Major Geneial Money, in a paraplilet addreseetl to tlie Right Honourable Charles 
Yorke, London, 1803, sajs Ihoro are few men, Su, in this country who know better 
than myself what use can be made of balloons m military operations, having been threo 
tunes up with one, and expressly for that purpose, there never was a doubt in my mind 
on the subject , you see from them everything you wish to see *’ 
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On the same day that the above letter was written by Sir William Reid, a 
similar proposition was made to the War Depaitment by Mi Shepherd, C E , 
who designed the balloons and then inflating appaiatus used dmiug the seanh 
for Sii John Franklin’s expedition He states that ho “ can fit up a po-rtablc 
apparatus which will fill a balloon in about an houi, capable of taking up one 
man to a height of bOO or 706 feet, with lopo to pull him down again ” 

Though the prxncipU of these schemes was highly appioved of bj' the officers 
to whom they were referred, and though similai propositions have been re- 
peatedly made since that time, it is haidly necessary to mention that balloons 
Lave hitherto never been used for mihtaiy purposes in the Biitish sennoe 
Their absenes fiom our field equipment is piobahly moie attubutahlo to an o\er- 
catimats of their defects, than to a non-appioeiation of thoir advantages in 
mihtary operations That these defects are less serious than is generally sup- 
posed, I trust to be able to demoiistiate in a future portion of this paper , hut 
it is first proposed to examine the experience nflbtded horn past tests of the 
use of balloons in actual warfare, so as to asceitain whether failuie of precedents 
can be assigned as the reason for their not having been hitherto adopted in the 
Bntish service 

The French, by whom the actual idea of balloons was ongmally ooneeived 
and earned into effect, were also the first to discover the adaptability of their 
invention to practical puiposts At the commencement of the Kevolntionary 
War, about ten years after the production of the Montgolfier balloons, an 
Aerostatic Institute was foimod by command of the French Diiootoiy (at the 
suggestion of Gujdon de Morveau) in tho Ecole Polytechniqne, and andei its 
Bupeimtendenoo reconnoitring war balloons weio const! ueted by e M Conte, 
and supplied to each lopuhlican amy m tho field The army of tho Rhine and 
Moselle was provided with two — viz , tho “ Heroule” and “ Intrepide ," another 
named tho “ Cfeleste” was propaied for the use of the aimy of the Sambie and 
Meuse , the “ Entrepienant” foi tho army of the North , and a fifth was destined 
for the army of Italy That attached to the army of tho Sombre and Meuse, 
under Geneial Jonrdan, was fiist used May, 1794, by Colonel Coutellc,* at 
Maubeuge, before Mayence, in reconnoitring the enemy’s woiks 'Ibis balloon, 
which was 27 feot in diameter, and took at first oO houis to inflate, was retained 
to tho earth by two lopes, and the aeionauta communicated their obseivations 
by throwing out weighted letters to the Geneial beneath After this method of 
reconnoitiing had been successfully pi actised four or five days, a 17‘-pounder 
gun was brought down to a neighbouring ravine, and (being thus masked) 
suddenly opsntd fire upon the balloon Several shots weie fiied without effect, 
and tho machine was then hauled dovfn , but tho nos.t day the gun was foioed 
to retire, and the leconnoissanoea were then earned on as before Aftei two or 
thiee weeks, the balloon, was moved to Chaileroi, distant from Maubeuge about 
S0 miles To save the expense and trouble of^another inflation, it accompanied 

• According to the report of this officer (quoted by Mi Coxvrell) “ The Aferostatic 
Institute VTOB established in 1793, and abandoned on Bonapaite’sieturn from Egypt, in 
1802, M Gouts, the director, had followed Bonaparte in this latter expedition, but the 
English having seized the vessel m v/hich tho appaiatus for generating hydrogen had 
been embarked, the balloon was not employed in Egjpt In addition to other places, 
balloons were used at Andernaeb, Bonne, ChaitiOuse, Liege, Coq-Rouga, at the ai^ge 
of Coblentz, at Kiel, Strasbourg, and Elouius ’* 
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the troops at a Bufflcient height to allow the eavaliy and baggage -waggons to 
pass beneath, 10 men marohing on either side Of the load, andoacli man holding 
a separate lopo attached to the balloon, Mhiclnyas thus retamed at itspioper 
elei ation Aftei making one obsori ation on the way, the balloon an n c d befoi o 
Charleroi at sunset, and the Captain had time before close of day, to reoonnoiti e 
the place with a Gtneial Ofheer Ne-yt day they made a second obscii ation m 
the plain of Tumet, and at the battle of Pleurus, which took place, on the fol- 
lowing day, Juno 17th, 1794, tho balloon was employed for about eight hours, 
hoTering in rear of the army at an altitude of l,d00 feet 
The Austrians after some time discovered it, and a battoiy was opened against 
the nbionauts, hut they soon gamed an elei ation out of the lange of the enemy’s 
tire, and the infoimation concerning the Auatuans’ movements (which they 
were enabled in this manner to supply to General Jourdan) contributed mainly, 
it IS said, to the success of the day,* the lesult of which was tho loss to the 
Pnnoo of Coburg and the allied niinios of all Flonders, Biabaiitti &o 

This notable instance of the successful employment of a roconuoihing balloon 
is thus oominented upon m the Fionoh histon', “ La Guerre de la life volution 
de Fiance ” — “ Co fut a cetto hataille, (Flcmus) que I’on fit, pour la promifere 
fois, I'essai d’nn aieostat, avec lo secouis duquel le Genferal Jourdan put fetre 
parfaitoment instinit des dispositions et des mouvemens d’ennemi , ainsi, cette 
deoouverte, regardeo jusqu’ alois commo un objet de pure curiositfe, dut fetre, 
des Cet instant, langfe paimi les mientions utiles ” 

The next battle that the Fienoh gamed through the assistance of a balloon 
was near Lifego, on the Quite rivoi As the Austrian oifioers aftei wards said, 
“ one would have supposed tho French Geneial’s eyes weie m our camp," for 
they weie attacked at the critical moment of sending off then guns and baggage 
by the rear, the French (though occupy mg much lower ground than the Aus- 
trians) hawng been intimately acquainted with all their movements, by means 
of their balloon Tho result of this battle was of very considerable importance 
to tho French, as it gave them all the country between Liege and the Rhine 
• A Dr Miers, of Hamburgh, in hjs journal that he published on his excutsion to 
Pans, tells us that — “ J’ai ui i Pans et J Meudon le Capitame Coutelle, le mSmo qm 
le 17 Jmn, 1791, iiiontoit le ballon qui dirigeott la merveilleuse et iniportante leoon- 
noissaiioe de I’armCe ennemie h la bataillo de Pleurus, acoompagn6 d’uu Adjutant 
GeuCral J'ai Im ai parlC de son voyage alirien, pendant oette batoille, si ddcisive par 
suites, doiit le succLs est du en partie d cette expedition abrostatique d’apres lo juge- 
ment unanimo des personnes nnpaitiales Coutelle correspoudit aveo le Ggndral 
Jourdan, Commandant de I’armde Pranpaise, par les signaux de pavilion convenus " — 
Proirt Major Gsneiai Money’s Pamphlet , 

f After Plourus, Kleber and other generals reported against “ inflated tnfieta " Some 
prisoners taken and questioned after the battle, admitted that even the garrison at 
Charleroi had been frightened out of its life at the apparition Many soldiers seeing a 
machine hoveling over their heans, said “ How can we light against these republicans 
who, out of reach, see all that passes beneath? ” Carlyle has given a most humourous 
desoription Of this scene — “Hangs theie not in heavens vault some prodigy seen by 
Austrian eves and Austrian spy-glasses, in the similitude of an enormous wind bag’ , 
By heaven ! ans-wer spy glasses, it is a Montgolfier, a balloon, and they are making 
Signals 1 Austrian cannon battery barks at this Montgolfier, haimless as dog at the 
moon AVhat wiU not these devils incarnate contrive 1 "—Pat is Correspondent qf “ Arnly 
and Navy Oaxetle "—Janwuy l7lh, 1863, 
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They afterwaitls used leeonnoitring balloons at the sieges of Mentz and 
Ehieiibicitstcin, 1799 A balloon was also attached to the aimy sent on the 
memorable expedition to Egypt What service it rendoied theie wo are not 
infoimed* , but after the capitulation of Cano it was bi ought hack with the 
lemaius of the army to Franco, and wis afterwaids used by MM Biot and Gay 
Lu-,aac, in their celebiated ascent foi philosophical investigations 

'1 hese Fi ench war balloons were inflated in the Add by hj di ogen gas obtained 
on passing steam thiough red hot cylindois chaiged with non turnings The 
gas thus evolved W'as then nndo to pass ovei Innc, md in this maiinei ficed 
from any hcavj carbonic acid gas that might adhere to it By this method 
thoie was pioouisd at a very modeiate expense, and in the space of about four 
houis, a quantity of hydiogen gas sufiicient to inflate a balloon 30 teet in 
diameter, though at fiist as much aa fifty hours was requusd to produce the 
leoessary quantity of gas 

To each war balloon theie was attached a company of 80 men under the 
iliargo of a captain, aocoiding to the leport by Gencial Baron Pelet^ French 
Mimstei of Wai iii the leigii of Louis Phihppe, who says also that “ aftei 6 or 6 
goals’ existence the Agrostation Corps was suppiesscd, since which time no 
juffioient inducement has ooouricd to cause that seivico to be re-oiganised in 
Piauoe, or to bo established in foreign armies, because the peifeotion of balloons 
lud the irap plication in war lender many more evpeiimeiitsnecessai'T, foi which, 
the intervention ot a government is necessary ” An attempt was, however, 
made to levive them in the Afiican campaign of 1830, hut thoie was no oppor- 
tunity foi making vso of them Tho Austiians are said to have employed 
reoonnoitnng balloons befoie Venice in 1849, and the Kussians in observing 
Etom Sebastopol The Fiench again made use of them in tho late Italian cam- 
paign of 1859, but this time tho service was in charge of civihan aferonauts, the 
MM Godard, Ascents were made from Milan, Gaigonzola, Castenedolo, and 
the Gastighone Hills , and, aocoiding to the Times’ Pans coirespondent (in letter 
dated llth Januaiy, 1862), they pioved gieat failures, as judged fiom a militaiy 
point of view Howevei the Times’ special coiiespondent in Italy, Cailo Bossoli, 
thus wiites oonceining tho balloon leconnoissance of tho Austrian position at 
Solfeuno — " On the day before the battle of Solfenno, 23id June, 1869, even 
with tho best glass, nothing was seen at Solfenno, which is ordinarily visible 
fioni the hills near Castiglione In the afternoon, however, the brothers Godard 
tiaed fiom these hills a balloon ascent on a laiger scale than some days befoie 
from Castenedolo And on the Anstiian side, wheio this ascent was seen, it is 
supposed that their plans wore disoovciod by the Messrs Qodnid ’’ 

Tho expenses of the geneial balloon eervicc m Italy amounted to about £2,000, 
of which only a pait was paid by the Fiauch Goveinmont, and, consequently, a 
lawsuit was leoently brought by the MM Godard to lecover the remainder of 
the sum This action gave rise to soaio comiiie»t3 in the Ttmas’ correspondent’s 
letter previously alluded to, which were very piejudical to the idea of war 
balloons But an attentive consideration of the subject Only shows that the 
matter 1 cats pi ecisely wheie it did befoie For the service is still m its infancy, 
and though the employment of balloons in wai need not of necessity he inva- 
riably attended by thq same anticipated beneficial results, yet it is an jndis- 
* Vide note page 76. 
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putable fact that tbeie have been many ooeasiona on whicb they have been mic- 
eeasfully so employed, and these aie consideied sufficient to justify the expecta- 
tion that the use of leponnoitiing balloons in military operations may be attended 
in general by the most advantageous results The most lecent instance ot a 
Buocesaful balloon ascent loi the purposes of mditaiy loconnoissanee (conducted 
by the Federal Americana at Island No 10) is thus noted by the Times of April 
Id, 1862 — “A balloon reconnoissance was made on the 2Ytli Maich by Pio- 
fessoi Stemei , accompanied by Colonel Buford and Captain Maynardier, which 
established the fact that shells had been thrown at too great a range to bo 
sufficiently eflFeotive against the Confederate batteries This defect in mortar 
practice has since boon lemcdied ” Accoiding to a subsequent account, this 
balloon was filled on a flat bottomed boat and confined by a smgle rope It 
attained an elevation of about 600 tect, and the reconnoissanco is described as 
haling boon “ eminently satisfactoiy ” I think it may be deduced thenfiom 
the foregoing histoiical account, that a veij fair average of success has attended 
the use of reoounoitiing balloons by dilleient armies during the last 70 years 
The following aie some of the objections most frequently uiged against such a 
practical application of them — 

Ist The chance of their being struck by the enemy’s projectiles, and caused 
to fall suddenly in consequence of the escape of gas thiough the holes thus 
formed m tho silk bag 

2nd The size, weight, and consequent difficulty of transport, attendant upon 
balloons with sufficient buoyant power to admit of their being attached to tlie 
earth by guy lopes 

3rd The difficulty of providing gas foi their inflation when in the field 
4th The difficulty of attaching to tho army expciieiiced aeronauts for tho 
purpose of inflating the balloon, regulating its ascents and movements m the 
an, and taking geneial chaigo of it on sen ice 

5th The danger incidental to balloon ascents m general, even when undei- 
taken by expeiienced and professional aeionants 

1 In answei to the first of these objections it may be stated that, even sup- 
posing the balloon to come within range of tho enemy’s fire, its descent upon 
being struck wouldnot be effected so instantaneously oi completely ns is generally 
imagined M'ben tho great Nassau balloon fell into the sea near Sheeiness, in 
1860, 60 lounds of ball cartridge had to he filed mto it before any perooptiblo 
effect was produced in its size by the escape of gas , each bullet passing nght 
through the balloon and thus formmg two holes m the bag If it were struck 
by shot bolow the level of the gos, (and balloons ore seldom perfectly full) of 
course not the slightest effect would be produced, and anyhow it is appre- 
hended that wheiever the hole he formed, the balloon would retain sufficient 
buoyant power to admit of an easy and safe descent to the ground In addi- 
tion, it should be home in mind’ that the aeronauts, if exposed to fire, could at 
pleasure descend to the earth, or ascend until out of range (as at Fleurus), 
provided that the length of guy lope were sufficient for this purpose, and in 
all probability theie would be lew occasions m a campaign when it would be 
necessary to reconnoitre m this manner m exposed positions 

2» The size of the balloon depends of course upon two conditions— the nature 
of the gas with which it is inflated, and the weight it has to hft A scheme 
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has been alieady alluded to in this pnpei, which proposed to employ a balloon 
to elevate rLconnoitnng officeis to a height of 9,000 feet To support ono 
retaining i opc of this length, a balloon 70 feet in diameter would be requisite , 
but if (as IS pioposcd in this papei) an elevation of merely 600—700 feet bo 
considered sufficient — a balloon with diimetei ol about 28 feet Mill he found 
large enough foi the required puipose, if filled Mith hjdrogen gas having S G 
166 The exact manner in which this dimension is calculated for the pioper 
ascending power will be described afterwards , but with leftrence to the porta- 
bility of the machine it may ho remarked that the whole apparatus together 
with that for the generation of gas, could be easily conveyed in a single Pield 
Tiam waggon 

3 A speciQo gravity one-sixth that of atmospheric air, has been allowed for 
tho hydrogen to inflate the balloon, (its S G , when perfectly pure, being about 
oiie-fouiteenth) That of coal gos, which is usually employed in ordinary bal- 
loon ascents, is 4 , but notwithstanding, its snporioi merits for tho purpose are 
strongly advocated by the amateur aeronaut, Mr Monok Mason, in his 
“ Aeronautioa,” m oonsequonoe of “ tho gi eater suhtilty of tho pai facies of 
hj drogen, and the stronger affinity which they exhibit for those of tho sur- 
rounding atmosphere* ” Its greater lightness rendeis it, however, pieferahle in 
tho present cose, and the method of producing tho gas in the field has now to be 
considered. Undoubtedly, the quickest maimei of doing so would be to obtain 
it by the action of dilute sulphuric acid upon zinc oi iron, but tlio danger of 
carrying about large quantities of sulphuric acid is so great, that another 
method is picferable The French evolved hydrogen foi their war balloons by 
passing steam over red hot iron turnings, but piobably an impiovement would 
be effected in this process by tho substitution of charcoal, at a veiy low degioa 
of red heat, for the iron turnings, t the intenoi of the tubes having been pre- 
viously well oxidised by a current of steam , the charcoal presents several 
advantages, being easy to obtain in well-wooded eonntaes, and requumg a 
lower degree of heat in ordei to pievent the foimafaon of oarbomo oxide After 

* For, amoe the'rates of diffusion of gases vary inversely as the square roots Of their 
densities — 

Diffusive power of coal gas diffusive power of pure hydrogen 

256 67 

1 2 627 

The production of hydrogen in large quantities by this process is described by the 
French chemist, M Deville, in the “Annales de Chimie ct de Physique,” for January, 
1 86 1 , hut hiS gas con tamed H 6^2 vols 

Co 40 3 . 

Co, 65 - 

Ml Bloxam, of King’s College, informs mo that bypassing steam over red hot coke In 
an iron tuba (whose interior had been previously oxidised by a ourient of steam) he 
obtamed a gas composed of H 81 6 vols 

Co 84 - 
Co, 10 0 . 

hut even tlus gas (before being purified) would have a S G almost double that requited 
for the present purpose 
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the pi nduetion oi tlio j^ns, it -woiild have to bo puiified by lime fiom any taint of 
cai home acid gas, and it must bo piopcrlj cooled befoie entering the balloon 
Without e\.peiiment, it i3 almost impossible to form any definite idea of the 
timo yhicli would be occupied by this piocess in the pioductioii of gas in 
sufliciout ipiantities, but it is probable that two oi three horns would be found 
enough, and it is ceitaiiily picfeiable to the /me and sulphniic acid method,* 
being aatei both in use and traiispoit, and icquiiing fai less weight both of 
nppaiatus and mateiinls 

4 Foi the management of the balloon about five or six Sappers would pio- 
bably be suffacieiit, having been picvioiisly inatiucted m all the practical details 
noccbsaiy for the seivieo, such as the method of putting togethei the gas- 
Buppljiiig appiuatus and inflating the balloon, the management of the guy 
ropes, iipaiiing the balloon (in case of accident), &o They should also make 
a few ascents with some oxpciieiiccd aeronaut to bo taught the method of using 
tho valve, ballast, giap])hiig anohoi, d.o , in case they had ever to make an 
iiidopendeiit vojago , but all this piactical knowledge might be easily aoqmied 
in two or tlueo weeks, and the balloon seuice would then bo solely iii nulitaiy 
dial go 

5 The accidents that occasionally happen in balloon ascents are attnbutahio 
mainly to the negligence and folly ot the owners Tho envelope or bag is often, 
for tho sake of economy, cousti noted of cotton instead of silk, and this material, 
(not being very durable in thu fiist instance, and still moie weakened aftei- 
wards by the action of tho varnish and gas) wears out after a few seasons' use, 
and tho slightest strain on the balloon teais open the stuff The ropes too are 
frequently used in wet weathoi, packed up cnielessly and consequently rot, the 
losult being that the netting oi giappling lopea, though sound m appearance 
and suffloiont foi moderate puiposes, give way on any extiaordmaiy tension, and 
the machine is no longer under the icioiumt’s contiol To some of theso 
causes may be geneially tiaced tho occasional accidents that occur in balloon 
voyages , and as the ascents ate geneially adiertisod scveial weeks beforehand, 
lu Older that the spectators may not bo disappointed, the aeionaiit has to ascend 
at the fixed houi, frequently in a hurricane ot wind or undoi adverse oiicum- 
stanoes which would deter him from tho attempt if ho weio in an independent 
position 

Howovei, the peicentage of accidents is evecssively low in piopoitioii to the 
numbei of balloon ascents made It is conceived, theicfoie, that caieful siipci- 
iiltendcnoe and examination should entirely piecludo the possibility of any 

• In 1855, Mr Abel, Chemist to tho Wa{ Department, designed and oonstriiotcd 
such an apparatus to generate hydrogen for balloons from sine and oil of vitriol He 
writes — “Possibly the so-called water gas process, of Amenom origin, might bp 
modified so as to yield a gas sufficiently light for inflating balloons ivitliout tbonecessity 
of very extensive arrangements” In a later memorantluin (ovtracts fiom wliiob Su 
John Burgoyne was good enough to ooinmuincate to me) Mr Abel says — “ Portable 
apparatus have been constructed within the last few years for the pioduotion of oil oi 
lesiii gas for illuminating purposes, and I have little doubt that some similar uid efficient 
arrangement could be contiived foi genciatmg gas suitable for balloon inflation ” JJt 
ilso alludes to tho peifcction of Wheatstone’s method of magnetic telegraphy ns being 
applicable to the communication of iiifoi matioii from war balloons 
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acaideut in tlie use of iiuhtai^ balloons , and aj an instance of ivhiit piopci cato 
and attention will effect, it may be mentioned that the two iLionants, Mchbis 
Gieoii (fatliei and son), have made between them some 930 iisicnts, in none ot 
which have they met with any seiious accident oi failme 

In the consideiation of iho piopei size, natiue, &c , of a balloon fit for rccon 
noitiiii^ puiposcs, the wind may be assumed to eveit the same inessiue upon tlie 
balloon as it would upon a ciiclo of similai diaractei , foi though theoietically a 
solid sphere presents only yths of the icsistance to the uii ojiposed hj its gene- 
rating ciicle, yet piactically, in the case of a balloon, tlieio would not ho much 
diffeience since it often collapses undei fhe foice of the wind and presents a 
flattened suifaoe, and at the same time the iietwoik of coidago in which it is 
eBcaaed catches the wind md inci cases the lesistance veiy eonsideiably 
Balloons also aie usuallj constiuctod of a peai shape (having the longi- 
tudinal avis about {th gieatci than the tiansveisc) so that the netwoik may be 
piopeily adjusted upon it, and consequently the suifaco piesentod to the action 
of the wind is somewhat laiger than a hemisphoio Taking these points into 
consideration, the lesistanco of a plane cuclc 28 feet in diameter may he allowed 
foi, as sufficiently aocuiate foi all piactical pui poses, this dimension having 
been stated in a foimei poition of this papei as being sufliciciit foi a balloon to 
fulfil all the lequiied conditions 

The aica of this ciiele being 615^ sqnaic feet, the following table shows the 
piessuie it would have to sustain fiom diffeiont winds — 

lolocitypei Forpondicahr force I’reoauie on abolloou 
Iioiu oil 1 sq tt 2H tt 111 diiimotor 

Gentle, pleasant, wind 5 miles 123 lbs av 75 73 lbs av 

Busk gale 10 - >492 . 802 95 . 

Very brisk , . 20 , 1 968 . 1211 SO - 

High wind . ... 30 . 4429 - 2727 117 - 

Very high wind , . 40 . 7 873 - 4847 S2 . 

l-inch round wue ropes might he employed with advantage as guy lopes to 
retain the haUoou to the earth, since they coiiespoud in stiength to the 2| inch 
hemp ropes and weigh exactly half as much The bieaking strain of this lope 
being 2 tons, its safe woikingpowoi may be taken at half this weight, oi 1 ton * 
Couscqueiitlv, supposing theie to be 2 guy lopes, each 530 feet long (to allow 
foi the curve and inchnation caused by the buoyancy of the balloon elevated 
between the two), as the weight ot each rope would be about 92 lbs , w6 have 
4,296 Ihs as the total available lesistmg foicef against the piessure of the wmd 
upon both balloon and guy lopos, a degree of stiength suffloient to resist even a 
♦ It has been objoeled that this is too liberal an estimate of the safe working load of 
an iron wue rope, in proportion to its breaking strain It is the usual allowance to make 
foi bempen ropes, but Messis Newall and Co , the patentees of the iron wue ropes, 
allow only Jth in eonsequence of the uncertainty attached to the working of iron, which 
cannot be lehed upon, being seldom perfectly bomogeneous Fairbairn, howevei, m 
treating of iron girders, allows as a safe load Jrds of the ultimale bieaking weight 
f Since force = 2 (1 ton— 92 lbs ) 

=: 2 (2240 lbs -92 lbs) 

= 4296 lbs 
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Wind blowing at the lalo of 30 miles an hour As tlus is considoicd the ina\i- 
inum lolooity of wind m 'fthich a captive balloon can be safely used foi obseiva- 
tiou (in consequence of the iiolont lockmg and swaying of tlie cai) theie oan bo 
littlo doubt but that these guy lopes would bo suffliienlly strong for then 
puiposo The following tabic then details the weights to be lilted — 


2 Guy ropes (of l.inoh wire rope) each B50 feet long 181 lbs 

2 Men (at 11 St) ... 308 - 

Silk bag of balloon . 10 - 

Car, Network, &c . . . ... 150 - 

Instruments, &c . 18 - 

Total weight . 700 - 


And as the 28 feet balloon may be oonsideiod as a spheic, foi the gas seldom 
fills the lowei poition, its cubical contents may be taken nt 11,494 cubic feet , 
and if inflated with hydiogen Jth the weight of the snirounding an, the ascen- 
sional foice will bo 11494 X 62 5 = 718 lbs (ns 1,000 cubic foet of an weigh 
about 75 lbs ), and consequently the balloon would rise with an ascending power 
of 18 lbs* 

The above onleulation ol the smtable size foi a leconnoitnng halloon has of 
couiso been made upon the supposition that hydiogon is obtainable from the 
pioposed gas appaiatus with a degree of purity equal to a specific giavity J 
This could be only definitely deteinunod by experiments, whose lesults might 
possibly modify the above figures, though not, it is anticipated, to any veiy 
considerable extent 

The balloon itself should he constructed of silk, and payed ovei with an clastic 
varnish Cotton is sometimes used instead of silk, being loss expensive, ]• but it 
13 not BO durable and soon weais out fiom the action of the gas and vaimsh, It 
entails also a oonsideiable loss of ascending power, beuig in itself heavier than 
silk and lequiiing about double the quantity of aaimsh, -whioh moieases its 
weight , besides, the subtle nature ot hjdiogcu gas icndcis it advisable to use a 
material of a closer toxtuio than cotton 

As the balloon is to be used foi icconnoitiing, the coloiu of the silk should be 
snob as to lender it invisible at a distance Giey is the best foi this puipose, 
• This ascending power would be sufficient for calm weatlioi, but must evidently be 
incieased (by dimiiiishmg the weight or other means) in propoition to the strength of 
the wind For the pressure of a strong wind upon the balloon would obviously force 
the rope so much out of the perpendicular, that the balloon would attain a veiy slight 
elevation without oonsideiable buoyant powjr and a great length of lope Supposing 
45° to be the maximum angle to be safely allowed foi tho lope’s deflection horn the 
perpendicular, m this case ascending powei must = force of wind, and (strain on 
rope)" = 2 (force of wmd)“ The guy ropes pieviouely desciibed are of considerable 
strength, chiefl) in order to resist tlTo violent jeiks on the lope caused by sudden gusts 
of wind Since the above was written, an account haa appeared in tho Times (of April 
29tb) of an aooideut happenmg to an Ameiicon reconnoitring balloon, at Yorktown, in 
consequenoe of the bieaklng of the retaining rope This shows the advantage of 
providing guy ropes of even an excessive strength 

•I A silk balloon of the above dimensions, with all its accessories complete, would cost 
about ^250, A cotton one would probably not cost onc-third this sum 
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but as the vaimsli would turn it almost black, it would bo advisable to emploj tt 
wbite silk, and the wainish woidd then lendei it of a light brown coloui 
Eipciiment alone can, howevoi, detcinmie upon many important points con- 
nected with the balloon service, such as — 

Istly The most desiiable aiiangcment of the gas genciatmg apparatus, and 
the quality as well as the quantity of gas which it would evolvo in a given tune 
2ndly The best way of attachuig a balloon to the earth, and of managing the 
gnj ropes 

3idly The lesistance offeied to the wind bj the captive balloon and its 
retaining lopes 

4thly The greatest velocity of wind in which a balloon can be safely ictained 
to tho earth and conveniently used foi icconuoitiing 

In conclusion, I would biiefly lecapitulate tbo different heads of tho subject 
upon which this paper has tioated It fiistly cnumeiatcd tbo v auous pi oposi 
tions which have been fiom time to time entertained foi the cniployraont of 
balloons foi military pin poses, these having been considoied and i educed to 
one (that of reoonnoitiing), the vaiiogs instances weic dcsciibcd of their actual 
Use m this capacity, and then employment in the Enghsh seivico advocated on 
the supposition that they would be found of similai utility to oui armies Tho 
most oustomaiy objections to them were then considoied, an inqiuiy made into 
tho desoiiption of balloon best suited fur the puipose, and those cxpeiiments 
noticed which appealed most iiecessaiy to ensuie then efScienoy and success 
Poi tho military balloon service, though its uses have been already piaotically 
tested on seveial occasions, has novel jet been thoioughly i educed tea com- 
plete system, and this la most ncoessaiy, since, according to the piesent Em- 
peioi Napoleon,* “ vyhatevei is complicated fails in pioduemg good results in 
waifaie , the piomotcrs of systems forget always that the object of piogiess 
ought to he to obtain the gieatost possible effect with the least possible efioit 
and expense ” 

The subject is oeitainly worthy the eonsideiation of the Scientific Corps of the 
Enghsh army, moie particulnily in (he piesent day, when the lesonrces of 
Boienoe aie so especially duected towaids tho attainment of success in allmihtoiy 
opoiations 

G E GROVEB, 

Lieutenant, Royal Engmeers. 

« 111 the piofaco to liia Treatise on tho Past and Present of Artillery 


A P P E N D I'X 

Supposmg tho balloon to bo inflated with hydrogen gas having specific 
giavity ith, and to bo letained to the earth by two round iion-wiio guy lopes 
(each having suffioient stiength to take the entire strain) To find a lelattou 
between its size, altitude, and the continuous force of wind, on the assumption 
of the most unfavotuahle case allowed, via , when the guj lopes aio so deflected 
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■by tho iiiessiiio of the wind upon tlio balloon that the line between tho two 
cYticmities of each lopo shall foim an angle of 4o° with the \eitioal, thus— 



Let 2)- = tiansverfio dmmeter of balloon 
„ I = length of each guy rope 

£ = ascending power, or excess of buoyancy sufficient to raise the balloon to tin 
required lioigbt undei the specified conditions 
„ P — pressure in lbs of the wind upon I square foot 
„ ty =: „ „ the balloon 

,, iS = atiain exerted upon one ictniniiig lope, as tho lesultant of B and IV 
Ihen ovideiuly 

Ascensional Force! _ f Weight of the) , f Weight of paily, ear, silk bag, 
of balloon / ~ t gny ropes ) \ and other locessories 

+ Ascending power 

This equation has to be leduoed to such a form as will determine tho size of the balloon, 
with reference to its height m the air and the foloe of the wind 


Ascensional Fouob or Balloon —Assuming the balloon to be a sphere with 
radius r (as balloons are seldom iierfectlj inflated, and to allow for contingeuoies) its 

eubioal contents = ^ w r’ 


Then, as 1000 cubic feet of atmospheric air weigh 75 3 lbs , and tho hydiogen employed 
in this ease is assumed to have a speoifie giavity of i 

Ascensional force ) _ ^ ^ ^ Jl _ ,8 ik, 

of balloon J ^ 1000 ^ 3 


Weioht op Guy Eopes —As the pressure of the wind upon the balloon is so gieat 
as to make the line between the two ends of each guy ropefoim an angle of 45° with the 


The length of thia line = (height of balloon) 

But the lope itself will not follow this line, being formed into a cm ve partly bj its 
own weight and paitly by the pressure of tlio wind upon it Allowing then -jijlh as 
additional_lengtli to that of the line, we have length of each lope = height + 
height v'2 


>0 A 'S , 

M “"3 


I ^ ro"o > 


900 

loooJ 


■^is 


f- 1«4 
282 8 
424 3 
565 6 
707 0 
848 4 
989 8 
1,131 2 
, 1,272 6 , 
L 1,414 0 J 


088 78 
244 32 
899 8b 
565 40 -> 
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As the guy ropes aio constructed of round iron wire lopc, which weighs as many Ihs 
per fathom ns it will sustain a safe atiain (g bicaking weight) of tons*, 

Weight of guy rope ) _ S 
per fathom / 2210 

hut =B^ + JP 
= lys-f H'® 

s = w -/a 

and W — IT- P (supposing the wind to net only upon a plane circle with 
radius r, as it probably would in actual piacticc ) 

S = JT r“ P t/2 


Then substituting this value of S in the above cguation. 


Weiohi of Party, Cab, &o — This may bo taken 
Two men (at 11 stone) . . 

Silk bag of balloon, car, network, &c 
Instruments . . 




. . SOS lbs 

. .. ISO - 

12 . 


Total . . ... 500 . 


and tins may be taken as a constant quantity, since tbe only variable element in it 
(tlie weight of the silk bag) will alter so very slightly 
AscEHDiHa Power —Ascending power m this case = force of wind (W) 

B =TT*P 

Honee, substituting all these values fol the different terms of the first equation, we 
have (if two guy ropes are employed)— 

= 2r‘ P (0033)1 + 600 lbs + tr P 

or = 3 804.r» P (v + 0066 1) + 19021bs 
and this is ‘he equation required 

Exa7nple — Supposing, with the fore-named conditions, P = 1 (t e , a wind blowing 
continuously at the rate of IB — 16 miles an hour) and the balloon were requiied to 
attain an altitude of 100 ft , so that 1 =: 166i54ft 
Then r= = 3 804 (3 11169 + 0066 X 156 64) + 1902 

= 3 804 r“ (3 14169 + 1‘02666) + 1902 
rs = 15 855 rs + 1902 

wheitoa r = 20 315 ft. " 

and the balloon would have a transverse diameter of 40 63 ft f 

G E G 


■* But vide foot note to page 82 

t A somewhat similar process was adopted by Lloiitonant Looock, K t , in the qikulatiou icAucd 
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ON llECONNOITEINO BALLOONS t 

By LIEUT G E GROVER, R E 


One bas naturally much diffidence in ndiocating the cause of a novel and 
untried pioposition The pioveihial pound of tlicoiy and ounce of practice uie 
usually quoted m opposition at the verj outset, and seldom can this oompaiison 
he moie aptly made than with reference to tho subject of the piesent paper 
Eoi few as aie tho aolual balloon ascents that have been aliendr undei taken foi 
the purpose of military icconnoissance, the piactioal evpeiienoe we might expect 
to denve fiom suoh ascents is considerably diminished by the unsatisfaotoiy 
nature of tho various accounts we have of themf , these accounts aie vciy con- 
fusing, almost, indeed, contradictory Thus, foi instance, with lefeience to tho 
Flench balloon leconnoissance at Solfciino, onej historian of tho wav tells us 
that the entiie Austiian position was most minutely examined by the aeronauts , 
another! author states that the reconnoissanco lesulted merely in the discovery 
of three Austrian soldicis noai the vdlago of Pozzolengo, a thiid|l actually 
ignores the balloon leconnoissance altogether (which seems to imply a want of 
success) ! and the account of the ascent given by tho aeionauts themselves tends 
rather to inoiease tho confusion, tlian to supply our want of an authentic and 
impartial repoit of the experiment 

Similaily with the American balloon reconnoissances, which aie desoiihed with 
the same aocuiacy and exactness that cliaiacteiise then nowspapei lepoits of 
aU militaij operations in the present ciiil wai One ascent m jiaitioular, made 
lost Maich at Island No 10, was said to have been ot great sei vice to the artil 
levy, by showing the effect and coirecting the lange of their projectiles But 
from a detailed account given by the special eoiiespondent of the Nevi Yorh 
Times, and copied into our Times of AVednesday, April 16th, 1862, theie is reason 
to doubt whether tho icconnoissance wafieally so useful as was stated 

* A papei lead at Chatham, 14tli Novembei, 18C2 

-(■ The above was written, it is hardly necessary to remark, without any knowledge 
of Captain Beaumont’s paper, which was however read at the Royal Engineer Establish- 
ment on tho same evening 

X Carlo Bosaoh, Times’ oorrespondent “Warm Italy” 

§ Bazancourt " Cainpagne d’ltalie ” 

II I'erdinand Lecomte, Major it Tdtat-majoi Fed Siuase " Relation histonque et 
critique da la campagne d’ltalie en 1859 " 
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Wc oannnf, ot com‘ 10 , npcppt implipilly the uii nllieial acPounfs of olliciiil 
tiansactiiiiis, and it ■\\oulil bo absuidto goncialiso too lapuUy lioni tin so two 
cases, and aE.gcit that the accounts of all balloon loconnoia&aiiccs aio simil'iily 
unsatisfactory, but it must be confessed that the eMdence in 0111 possession nii 
tho subject geneially la acarcoly siifficiont foi one to undoitake the pait ot 
advocate on cither one side 01 the othei, and it is ceitaiiily not satislictoiy 
enough to justify a decided judgment on the case Uiuloi thoso ciicumstanocs, 
the present paper can aim at nothing raoie than a ventilation of the subject, 
and it may, peihaps, have tbo much desiied ctlcct of dnoeting ittontion to an 
inteiosting, though ut picscnt mcioly speculative, hianchof inditary science 
It appeals suipiising at fiiat sight that oui government have taken no steps* 
towards investigating the comparative merits and defects of leoonnoit ring wax 
halloons, particulaily as much attention has been lately diieotod towaids this 
subject among the scicnti&o men of the Fiench, Austrian, and Amoiioan aimies 
Probably the expeiiments alieady conducted have not been considered sufBoicntly 
ehoouraging to justify the outlay of the few bundled pounds that would be 
wanted for tho purpose Unfoi tunately, tho management ot these expcnraontal 
ascents has been too geneially ontiustcd to professional and civilian abionauts, 
which evidently alters tho oucumstances ot the case to a veij consideiablo 
evitent No one doubts that a balloon will use 111 the au if inflated with a gas 
of much lower specific gravity, for its floatation may be as cosily calculated as 
that of a boat What we really wish to ascertain is wliethei tho results justify 
the means If the means can be definitely reduced to reasonable limits m the 
items of tune, espenso, and poitability, there is little doubt but that balloons 
would be found very valuable aiiiihaiies in warfare 
But the ominous silence obseived by foieign poweis with reference to the 
results of their expenmeuts appears to answei this question m the negative 
Burmg the last few months wo have heaid voiy httlo of the Amerioan balloon 
reconnoissanoes, and this can be scarcely accounted for by tho capture of Pio 
fessor Low's aeronautic apparatus m the week of battles before Richmond, since 
other balloons oonld be easily obtained, and they appear to have been pievioutily 
most successful m observing the Confedeiates’ movements at different times 
Thus the JVaui Toi k Time)' conespondent m a letter from the Cluokalioininy 
River, dated May 23id, sayst “ Observations made by balloons Would lead to 
the belief that the Confedeiates were moving out of Richmond and oonceutrating 
in force on tho Manchestei side of the James Rivei The leconnoitimg haUoou 
must have been a conspicuous object from Richmond, the word Constitution 
painted on its side being designedly turned towaids the city ” Add again, J 
with reference to thobattlo of the Ghickahominy, June 1st— “Durmg the whole 
of the engagement on Sunday morning, Piofessoi Low’s balloon hoveied ovei 
the Federal hues at an altitude of about 2 000 foot, and mamtamed successful 
telegiaphio communication with General M’CMlan at his Lead-qiiartois It is 
assorted that eveiy movement of the Confederate aimies was distinctly visible, 
• Since this paper was wutten the subject of reoonnoitnng balloons has received the 
attention of the military authorities, and expeiimental aseents (the report of which is not 
yet published) weie made at Aldershot on July IWi —Ed 

t rtmes, June 12th, 1862 % Tims, June 17th, 1862 
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and mstantanoously leported ” A lottci fiom Fort Monioo,* dated Jane 22na, 
says “ Geneial Hooker answeted — ^throwing heavy shells, which weio seen to 
buiat among the rebel attacking paity by peisons m one of Professor Low’s 
balloons, causing the lebel aitilleiymen to skedaddle in the most appioved 
style,” and a Qeiman officer in the Fedeial Army bofoio Richmond, wiitesf 
on June llth — “The enemy has letiied some miles, as we leain fiom oui 
balloons, which aio active when the wcathei allows” Wo aie also told:}; that 
“Mr Allan, of Rhode Island, foi whom the United States Government have 
instituted an office with the title of Aeiouautic Engineer, has (it appears) made 
a successful attempt to oommunicate with the eaith fiom a balloon by means of 
the oloctiio wire The flist despatch was sent flora above Washington, and the 
ProfessQi desonbes himselt as having been able to take obseivations over a 
diameter of 50 miles " § 

A histoiy of war ballooning has been given in the Papei pieccding this, and 
the Fiench leoonnoissancos in Italy do not seem to have effected any very 
gloat snooess, apparently in consequence of some official blunders oi mismanage- 
ment M Prevet, who was commissioned as the Empeior’s mandataire to 
oigamzo the military balloon seivice foi the Fienoh aimy in Italy, applied to 
the aeronauts Godaid foi thou assistance in the under taking 'Ihough they were 
anxious to oonstiuct n war balloon especially adapted to the requirements of tho 
servioo, yet (aooording to then own account) the mandaiax) e, who wished to use 
as littje 03 possible of tho 50,000 francs with which he had been supplied foi tho 
necessaiy expenses, desiied them to set out at once with such simple apparatus 
as they happened to have by them However, the expoiiments they oonduoted 
at Milan induced the Empeioi to ordei the construction of a regular war balloon, 
and ill the mean time the Montgolfiiie in tho aeionauts' possession aooompaniod 
tho aimy It was this balloon which made tho ascent fiom Marshal M'Mahou’s 
head-quaitois at Castigliono on tho day before the battle of Solfeuno, and (as 
the Godaids oxpiess it) tho results woio quite insignificant, though the moral 
effect upon the troops was great It is piohahle that Maishal M’Mohon would 
have been bettei pleased with loss moral effect and nioie tangible realities , tho 
actual war haUoou only aiiivcd at Sulfeiiuo when the articles of peace were 
being signed This mnehino appears to bo well adapted to the purpose for which 
it was made, and it is unfortunate that no opportunity was affoided foi a piao- 
tical test of its utility in the field It is made of silk, holds about 30,000 cubic 
feet of gas, has buoyant power sufficient to laise J moa to an altitude of fiom 
1,000 to 1,200 feet, Will retain its gas foi a whole month, aud photogiaphS have 
been often taken fiom it on a calm day by M Nadai It can bo inflated m one 
hour by the oidinaiy illuminating gas (caidiuietted hydrogen) when neai a town, 

• Times, July 8tli, 1882 •) limes, July IGth, 1862 

I News of the World, May 4tb, 1862 
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and in the same tune bj' liydrogen mBnufactnied fiom a special appaititus foi 
field sei"Vioe After being inflated at Milan, it was moved to Gorgon/ola— a 
distance of 20 nnles — and it then remained foi two days at the artillery park 
Without suffering any peicoptible loss of gas These details have been supplied 
me by the MM Godaid themselves, to whose courtesy I am indebted for much 
infoimation on the subject generally 

One of the mostrnteiosting points of oonsideiation with loteienee to the em- 
ployment of mihtaiy balloons is the question coiiccining the icspective meiits, 
for the purpose, of Montgolfleios (smoke balloons), oi Choilidies (gas-infiated 
balloons) The Aineiicans appeal to hove used the httoi desoiiption, since we 
lead* of General FiUJohn Poitei being carried away by his leconnoitnug 
balloon, when obseiiing befoie Biolimond last April, in consequence of the 
letaimng lopcs having given way at a spot which had been accidentally touched 
hy the sulphiii'ic acid used m genciating gas The Fienoh leconnoissanoe at 
Castighone was made from a Moiitgolfi^re, as has been already stated, hut the 
MM Godard, who made this ascent, and have practically tested both methods, 
express a strong opinion against this species of balloon Without a cumbrous 
furnace m the cai it will icm un stationary in the air only foi about 6 minutes, 
and even then it is eoaicely capable of sustainmg one adionaut, in consequence 
of the high speoifie gravity of the inflating gns If it be freed fiom the weight 
of a retaining rope, and consequently untetheied to the earth, a leoonnoisaanoe 
of about 20 minutes’ duiation would be possible, supposing the wind to blow in 
adiiection from the enemy. The least wind hinders its inflation, which may, 
under ordinary oiroumstances, he made in about 20 minutes This rapidity of 
inflation is unquestionably a stiong point in the favom of Montgolfl^ies, but the 
MM Godard say that out of sis ascents recently adveitised to take place from 
the Pib Catalan, at Pans, only two ultimately succeeded Of course the objec- 
tion on the sooie of low buoyant power might be obviated by ineieaamg the 
dimensions of the maolnne, but then it would be of an almost impossibly gigan tic 
size The Anstiian Engineer Committee state that a Montgolfieie of the veiy 
shghtest useful power must have a diameter of 60 feet, the contents being 
Upwaids of 113,000 oubie feet f At the same hme they consider it infinitely 
proferahle for mihtary purposes to the Charhdio A report on the subject by 
Lieutenant Colonel Baton Ebnor, of the Impeual Engineei Staff, thus spcoifles 
what he conceives to be the siv necessaiy conditions of the war balloon sei vice 
1st The balloon should be able to make an ascent soon after the ordei has been 
leceived It would bo of little use in the field if the prepoiations necessarily 
occ ipird lia’f or oven a v"hok dnv 2nd Th" ascent should not be p' evented 
1)1 n worn of 11..' (g Ineo n 1 lb •’ipoii il -.q uu- i.'o.) V lice 'scr in i-. 
then oiiL 0 I'lL q 1 I'lop, -iull llie si giitisf brei /c wou'n ilriv e tuc bi'llouii fro n 
■ i' ,■"1 tpril 2'' ,-nc’M. 1st, lSu2 

) Mr CuM '3 ‘'Mil m II- B llo„ , pu.'ji'Ti ‘>>e C rrlii c lus coii- 

s met. i], IS ’!().i(.ii.I il .-il ..t,i . , iluia. It is 

(cni'iosei! ■> ntcli I. ( .ss WI t, aidej- ims 'tS.O')') c ilu: i'»c cl gis Mr 

Grt . cje'. at ' ” R floon, .1^ . C. ii ..'-e o . .m ‘ >. i.OOO i ..l.ic feet of 



1,000 Jbs ) The extreme breadth of each gore is 41 mohes 
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the place whoie it la wanted to observe 3id An aveiago height of 100 hlaltei 
(C22 feet) may he assumed as the proper altitude, which is limited in the case 
wheie the balloon is attached to the ground, by the weight of the retaining 
rope At this height a surface of ground of about 12 meiles diameter (40 miles 
English) can be distinctly exammed with, a good field glass 4th The number 
of persons making the ascent should be two at least Only in the company of 
an experienced adionautis it possible for an offlcei to make a leeonnoissance 
with the propel confidence There is always danger of a sudden gust of wind 
or a bullet from the enemy tearing asunder the rope that retains the balloon, 
and thus ohaugmg its captive state into one of freedom , one at least, therefore, 
of the persons making the ascent should be fully capable of managing a balloon 
thus hberated A trustworthy and expoiienced aeronaut is, therefore, an 
essential condition of the whole undertaking fith The balloon should be in 
telegt aphie communication with the ground, smoe it would take too much time 
to send wntten questions and answers up and down the retaining ropes Henco 
two skilled telegiaphists must be employed duiing the leoonnoisaanoe 6th 
Ascents should finally be practicable at any given spot, and as often as lequiied. 
And these conditions, Baron Ebuer considers, would not bo propeily fulfilled 
by the employment of Chaihdies, or gas inflated balloons The pioduotion of 
B^oient hydrogen by the action of sulphniio acid upon zinc or iron would be 
a comphoated, unsafe, costly, and dilatory operation 'Even the conveyance of 
hydiogen in a compressed state would be objectionable, since (if it were oom- 
piessed to j’jth its ordinary volume) the metal casks would regime at least 
800 cubic feet of contents, and they must be strong enough to resist a pressure 
of 20 atmospheres In this case theie would be a saving an time, but a yeiy 
consideiahle increase in expense. 

No notice seems to have been taken by the Austrians of anothei method of 
generating hydrogen, viz, by passing steam over led hot ohaicoal or iron 
turnings, hut they have evidently dceided, as fai as theory goes, m favour of 
Montgolfldies as the proper species of balloon for military sorviee For the 
mflation, howevei, they propose hot air in place of the smoke of stiaw, wool, Ac , 
as used by the first aeionauts For the pin pose of heating the air they employ 
a wrought iron stove, something after the fashion of the hoilei of a steam engine , 
into this the air is driven by powerful bellows, and, after bemg brought to the 
propel tomperatuie in paiallol flues, it enteis the balloon I'o oounteiaot the 
refrigeration which evidently would take place over the surface of the machine, 
either a lamp apparatus must be earned up in the ear, or else an additional 
supply of hot air must be conveyed to the maohme by means of a flue commu- 
nicating with the earth ^ 

Tho more then that we examine the investigations into the subject that have 
been conducted by foreign officers, the moie do we leaiu, not of what bos been 
done, hut of what has not been 4<niUi more do we become lonnuted that 
there has not been yet discoveied a satisfactory system of military halloonmg, 
one fit (that IS to say) to satisfy all the evident exigencies of actual waifaie 

The pieaent paper has discussed afeieal leconnoissaneea only It may not, 
howevei, he thought foreign to its purpose to quote the opinion of a cele- 
hated aeronaut, Mi, Coxwell, This gentleman has atti acted so much public 
attention of late in consequence of hw ascents with Mr, Glaishor, and more 
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recently, by the so called military ballooning fiom Wmchestoi Banackg, 
that considerable weight la naturally attached to any opinion ho may expiess 
on the subject In a letter to the Army and Navy Gazette of llth of Januaiy 
last, ho wiites — “ The use of balloons in waifoie should not alone be confined 
to reconnoitring but to destiuctiie puiposos as well Bi Lardnci, in a lettei to 
the Tmea on Match 31st, 1869, mentions some chemical compounds of a highly 
poisonous charactei, which may be used m shells But if eaei balloomng 
should become a lecogmzcd auxihaiy in military science, it is most probable 
that aeiial shells laised by balloons, and disunited by means of a fusee, may 
bo used with as much piecision as non shells thiown fiom moitars I have no 
doubt it would be possible to (hop, with tolerable nicety, a host of aeiial 
Teasels chaiged with agents calculated to produce stupefaction, it not fatal 
effects If by this method our waniors could secuio prisoners instead of in- 
Cl easing carnage, humanity would lejoice at so desiiable a consummation by 
suob mgemous means ” 

One feels inohued to doubt the piaotioal feasibility of this proposition, oven 
setting aside the moial objections to it At tho same time one cannot, fiom 
theory, dispute the opinion of a man of such expenonce as Mi Coxwell, and the 
foiegomg extract has consequently been copied out at length 

To retura to the question of aerial reconnoissance A slight elevation of from 
40 to 50 feet may be easily attained by means of the scaling-ladder tripod 
desenbed m Vol VII of the Royal Engiueei Professional Papers But if it is 
lequiiod to asoeitain, foi instance, the effect ot bleaching a soaip wall, to attain 
a position m the an m piolongation of tho plane of the opposite side of a hill 
(where an enemy might be massed), oi even to assist a fleet by extending its 
hoimon, then some peouliai scheme is necessary in order — 1st, to laise tho ob- 
server at once to the roquiied height , 2nd, to sustain him ateacUly in the attained 
position The very nature of a balloon militates against the fulfilment of these 
requirements The time occupied by its inflation, its nuwioldly form when 
filled, causing it, if letaiuod to the earth, to vibiate at the slightest hioeze, besides 
numeious other objections, all point out that this maohino will not, in itspiesent 
State, supply satiafactonly the desideiatum for aSiial reoonnoissances 'l^ether 
the advantages of its employraont do not conntei balance the drawbacks, whethei 
any improvements may be effected in its shape oi any other important point, 
whether air-soiews may evei bo constiuoted with a degree of power suffloiont 
for the pmpose — all those are at piesent merely matters of conjecture At first 
Bight it certainly appeals that, foi an air-sciew with dimensions reqmsite to 
raise the propel weight, motive power is hteially unattainable, at all events as 
far as we can judge from the present state of our sciontifle knowledge Some 
force must be employed of much less weight than the elevating powei produced, 
and steam issumg fiom tho extremity of each vane, aftei tho manner of Hero's 
fliat steam engine,* may be suggested as one method of produomg the requned 
rotatoiy motion But the eonsideiation of oil tho numerous attendant diffi- 

* This IS auquostioiiably a very exhavagant way of obtaining power from steam, and 
It 13 merely suggested as a means of obviating the use of machinery, which, even if 
construoted witli hollow wiought-iron coniieeting rods, &c,, would he much too heavy 
for the purpose. 
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oulticjs opens out such an immense field for conjecture and iiiVLiitioii, that it is 
useless now to pursue the subject further, particulailj as wo have no data con- 
CBiniug the lelation existing between the impelling force, the lapidity of lota- 
tiOQ, and the elevating powei acquired by any given air-sorew 

The pioblem how to laisc heavy bodies in the an by mechanical means has 
been sohed by nature in a wondoiful variety of ways All attempts, howevci, 
to copy hei in this point have most signally failed, and tho mysteiious musoulai 
power, exeitod on tho eflbit of volition, is lather an object for the anatomist to 
admire than foi the Engineer to hope to mutate 
It IS unsatisfaotoiy to reflect that no deflmte results have yet appeared fiom 
all leseaiohes into the question of aeiial reconnoissance Balloons have been 
advocated by some as most suitable foi tho purpose i they have been condemned 
by others on tho score of then short-comings 
Much, therefove, remauis yet to be discovered, and though no practionl leaults 
seem at present likely to be produced in this country from oui investigations, 
yet a oousideiation of the subject of Reconnoitimg Balloons may possibly effect 
beneficial lesults eventually It will, at aU events, pi event u hat 1ms proved tho 
death-blow to so many ingenious though ciudo piopositions, viz , defer iiug the 
oousideiation of both piinoiple and details to the piopei moment foi action, this 
being the evident method of ensuiing failure , and hence the comparison of 
soldieis in tune of peace to chimneys m summer 

In default of praotioal experiment, even theoretical conjecture will not he 
without its uses, and m this cose, in particular, it may tend ultimately to tho 
advancement of mihtary science 

G E GROVEB, 

Lieutenant, lioyal Engineers 

Portsdown Hill, Novomhei 11, 1S62 
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ON BALLOON RECONNOISSANCES 

As PRACTIST’D BA THE AMERICAN ArMA * 

Bt captain P BEAUMONT, B.E 


I have been asked to give some aoeoimt of my ballooning 
' expel lences m the States of America, and I do so the more 
readily — flistly, because I believe that the art, even ns it at present 
stands, is capable of being turned to practical account , and secondly, because 
the practice of ballooning, with leference to military manosuiTes, bemg so little 
known, any remaiks on the subject baaed on actual expeiienoe, must, from that 
cause alone, be of some value, the nature ot the art, moioovei, is such that to 
form a just appreciation of its applicability, one must turn, I may say entirely, 
to the results of experience on the subject, rather than to theoretical considera- 
tions connected with it Lieutenant Glover’s paper, which I have read, for all 
practical purposes exhausts the theory of ballooning , as, indeed, after having 
compared the specific gravity of the atmosphere within and without the balloon, 
and refen ed the result to the work to be done, there is httle more to be said , 
always beanng m mind that to be on the safe side it is well to allow, for various 
reasons, a considerable excess of buoyancy ovei the weight to be lifted, the 
difference being made up with ballast adjustable at pleasure, m the case of a 
free ascension this is absolutely necessary, and circumstances may, at any time, 
render it imperative, even on a reconnoissance, to cut away the guys that hold 
the balloon to the earth In the remarks I have to make, I shall, therefore, 
with the exception of a fow notes on details, at the end of this paper, Uonflne 
myself to an account of the apparatus used by the Amenoans, and my own 
expeiiences in connection with the leconnoissances I made 

There were two sizes of balloons used, one of small size with 
A^p^tuB ® capacity of 13,000 cubic feet, corresponding to that 28 feet m 
diametei, mentioned by Lieutenant Grover as suitable for the 
general purposes of a reconnoissance , and the other of about double tbis size 
This 13,000 cubic feet gives about 30 feet as thn diamstei of the ooriesponding 
sphere , and to fulfil the leqnuements properly laid down by Lieutenant Giover, 
this IS not too much In pracbco he would find that his calculations — on the 
assumption that two people were to be lifted — ^would not allow sufficient buoy- 
ancy, foi the followmg reasons no allowance is made for ballast, tbiee in place 


A Piper read at Chatham on llth November, 1862. 
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of two guy lopes should be used, and they should be 1,000 feet long at least, as 
that IS by no means an unnecessary elevation to proMde foi The larger sized 
balloon was, however, the one that the Americans decidedly piefeiied, it was 
consti acted because the power of the other was found to be insufficient, and was 
used exclusively in place of the smaller one, which it siipeiseded I myself 
should decidedly think the larger size the best, for many reasons , amongst them— 
the extra cost is not nearly piopoitional to the incieased size, noi is the trouble 
and expense of management , while size gives steadmess and safety when in the 
air, winch IS a great point to those using it, it is also fiequently desirable to 
take up more than two people, which the smallei one will only do — (take up two 
people), when quite full of gas, a condition happening even in its most perfect 
state only peiiodicaUy, i e , after it has jnst left the gasometer 

The balloons were made of the best and finest description of 
^ '’™* silk, double sewn and picpaied with the greatest caie, the 

summit of the balloon containing the gas vaUo being made of eithei three oi 
four folds of doth, to ensuio sufficient strength in that pait subject to the 
greatest strain The vaimsh, on which the success of the apparatus much 
depends, was a secret of Mr Low’s, the chief aeionaut, his balloons kept m 
then gas for a fortnight or more, and their doing so he laid to the fact of the 
vainish being particulaily good , theie was always a small amount of leakage, 
still at the end of a fortnight sufficient gna remained m the balloon to enable 
him to make an ascent without its being replenished In balloons foi military 
puiqioses this is an impoitant point, as they must be kept ready to ascend at any 
moment I liave little doubt, however, that many well prepared varmsheB 
could be found to answer the purpose as well , the network covering the bog 
Was gathered m, in the usual manner, and ended m a senes of coids attached to 
a ring, hangmg about level with the tail of the balloon, and from this hung the 
wicker-woik car, the iing being about leiel with a person’s 
“ chest when standing upright in the oai The stung for woiking 

the valve passed through the centre of the balloon, and coming out at the tail 
was loosely tied to the ring, to which were fastened the guys, thiee in number , 
thus the cai, though swayed about by the motion of the balloon, hung always 
nearly vertically beneath it 

Generators number, were nothing more than 

large tanks of wood, acid pi oof inside, and of sufficient strength 
to resist the expansive action of the gas, they were provided with suitable stop- 
cocks foi regulating the admission of the gas, and with man-hole covers for 
introducmg the necessary materials The gas used was hydrogen, and indeed 
for practical purposes, all thmgs considered, there is none othei that is nearly 
so suitable , its low specitlo gravity makes it a sine qua non for a mihtary 
aSronaut, as independently of the ease with which it is produced, when a balloon 
is attached to the eaith it is of the flist importance that it should offer as httle 
resistance to the au as possible, as its stahihty depends upon this point The 
hydrogen was generated by using dilute aulphuiio acid and iron j any old iron, 
such as hits of the tires of wheels, old shot bioken up, &b , was used j so that it 
was necessary to provide only the snlphurio acid, which m large quantities is 
cheap* and with proper precdutions veiy easy to cairy 
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The gas goneiatod jwssed through 'i leathoin tube into a liino 
puiifiei, and thence m a sirailai maniiei into a second, the actiou 
of the limo eniiply absoihing llie oaiboiuc acid and othci evtiiiuooiis gases, and 
sending the hjdiogeii, quite, oi veiy ncaily puie, into the balloon On leaving 
the geneiatui its tempeiature was high, e^ea the leathern pipe being so hot that 
tlie hand could hardly beai to touch it, hut aftei passing the second purifier it 
was dehvered, baiely waim, into the balloon The whole ot the appamtus was 
so simple that nothing moie lemains to he said about it 

In using it, the balloon is unpacked and laid m well ordeied 
folds on a oaipet spread on the ground to letoiio it, the tail is 
then placed leady foi connection with the last purifiei, inopeily dial god with, 
hme and watoi, and the connection by leathu pipes between the pmifior and 
the gentiatoi havmg been established, the latter is chaiged, oaie must be 
taken not to complete the oomranmcation between the last pmifiei and the tail 
of the balloon until a clear stieani of hydiogon is obtained, so as to avoid gettmg 
foul air into tbe machme Undei oidmaiy cucumstances, in tlilee horns fi-om 
Inflafioa machine being halted, it can bo prepaied for an 

ascent, but this, should cucuinstances require it, might be 
shoitened by employing two geneiatois and making a suitable alteiation in the 
purifying ariangement Such alteiation, howevei, would larely be necessaiy, 
as the balloon, when inflated, can, unless in veiy windy weathei , ho very readily 
earned , 26 oi 30 men lay hold of cords attached to the ling and march along, 
allowing the machine to use only sufiioiently to clear any obstacle that theie 
may bo in the way I have fieqneutly seen it earned thus without the least 
difficulty 

Balloon Staff balloon staff with M’Clellan consisted of one chief aeionaut 

whoso exact rank I could nevei qmte make out, but it was not 
lower than a captain, or highei than a brigadier, he was a civilian and by pio- 
fession on aeronaut, he was very highly paid, the same as a brigadiei, and as 
the military lank, I believe, in America, is in some way attached to, and deter- 
mined by, the pay received, I fancy Professoi Low must have been a brigadier, 
at any rate he was a veiy clevei man, and indefatigsblo in carrying out his 
work, by night or day, whenever the weather ga\e a chance of seeing any- 
thmg, he was up, engaged on his obseivations , undei him waS a captain of 
infantry who had been instructed pievioasly at West Paint (the Amenoan 
Woolwich) in the art of ballooning The captam commanded the men, some 
60 in numbci, attached to the machine, and supeiintended generally every 
arrangement m connection with its inflation and use , he was also responsible 
for Its transport, and that a due supply of matoiiaLs was kept ready The 
captain novel went up himself, indeed he infoimed mo that he liked the woik 
below best, and Confined himself entirely to it Under the captain weie a pio- 
portion of non-commissioned officers who knew,jnoro or less of the management 
of it, and the men , who, besides having a soit of revei entiol awe of the machine, 
knew nothing whatevei about ii Eithei one oi two sentries weie always on 
guaid detailed trom the captain's party, who had the atiictest oideis to allow no 
unauthorised person to appioach 

Can-lode Each, goueratoi leqnned 4 horses to diaw it, and each haUoon) 

° ° with the tools, &b , 4 hoises The sulphuuc acid it is essential 

to keep m a oairiage to itself, hut two horses will diaw a suffioient quantity of 
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2 Generators, drawn by 4 horses each, 

2 Balloons, n •> 4 horses each, (including tools, spare ropes, &o ) 

1 Acid cart, ■ •• 2 horses 


■WTietlioi the acid cart was considered as part of the eqaiipment of the balloon, 
01 whetliei it was put into tho fiist waggon that came to hand, I cannot with 
teitainty say, but, of oouise, in a well oigainzcd appaiatus one would he nooes- 
saiy When the niiidiine is inflated it is kept to tho ground by a senes of sand- 
bags which aio hooked on to the netwoik, so that they can he disengaged at a 
moment’s notice, thus confined, -with tho scntiy to guaid it, the machine 
remains nnhui t m any woathei short of a veiy i lolent wind storm, m which 
case it should be hauled down altogothei 

When It 18 required foi an ascent, the captain and some 30 
Apparatiir S®*- lo'uid the balloon and cany it to the appointed 

place , the weight to be lifted hanng been pnt into the ear, tho 
ballast IS so adapted, that including a couple oi bags of sand, which it is not safe 
to go up without, there should bo a buoyancy of, say, 20 oi 30 lbs , tho thiee guy 
lopos having been attached tho men leave go of the car together and seize the 
lopcs, one of which is led through a snatch block attached to a tree, oi some 
securely fixed object , the ropes are then paid out, and the maohme rises to the 
lequucd height, the motion of tho guy lopes is regulated by the acionaut 
through the captain on the ground Of course, on the propel manipulation oi 
the lopes tho convemonco and safety of the aeronaut depends I have been 
somewhat lengthy m the details of tho woiking, hut I have done so foi tho 
reason I haio stated at starting, viz , that of the actual piaotioe of balloon 
leoonnoitiing, little is, I believe, known I will now say a few words on tho 
application of the appaiatus, and tho icsults obtained fioni it 

At tho time I joined M'CIellau's aimy it was encamped on the 
uiiSmcd Pamunkey iivci, one maich below the now celebrated White 

House, it was pushing its way slowly up the Pciunsular, 
diaving tho Confedeiates hetoie it The chaiaotei of this part of Virginia is 
much the same as that of most paits oi the agiicultriial districts of our owu 
country, except that it is somewhat moie undulating and not ncaily so highly 
cultivated, including woodland perhaps not half the land is under cultivation , 
thus tho oharaotei generally of fho country is such as to lender all roconnois- 
sances, though tho moio desiiable, very difficult to make My first acquaintanoa 
with the halloon was made during the advance ot the oimy, I had udden 
foiwald from the mam body and joined General Stoneraan’s command, then 
oceupj mg, for the first time, the west bank of the Chickahominy larei I 
found the balloon snugly ensconced in a hollow piotected fioni view by the 

0 
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Ixill itL fiont, from the top of which a convenient position for nn ascent was 
gamed, the Profossoi’s tent md those of the icst of the hvlloon corps weio 
scattered round, foiimng a small distinct enenmpmeut I roocived horn them 
gloat ciiality, and was affoidcdoveiv oppoitunitj foi obtaining the intoimation 
I desiied It may be thought somewhat odd that such a thing as a balloon 
should accompany the advance of an aimy. but theie appeared to be no diffi- 
culty in its doing so, and, of couise, it was more likely to be of use there than 
furthoi to the rear It was employed iii making continual ascents, and a 
daily report was sent by the piiiicipal afeiouaut to M’Clelhn, detaihng the 
result of Ins obseiv ations , of course in the event of anything verj unusual being 
notieed a special icpoit was made The obsoiiei, by eontuiual ascents, and by 
noting leiy exactly each time the position and featuiee of the country below 
him, soon knows it, as it were, by hcait, and a glance la sufficient to assure him 
that no change has taken place m the occupation of the country 

The balloon never got more than about a mile nearer to Ricli- 
niond than when I liist saw it, it may, theiofore, bo intoiesting 
to describe geneially the position of the army, and to state what 
the balloon did, and what it did not do At that point tho Cliiokahominy runs 
within about 7 miles ot Uiohmond, its ncaiest point is miles, at the village ot 
Moohamcsville It is in diy weather a sluggish stieara, foidablo almost at any- 
place, but in -wet weather it icquiies budging, and sometimes oveiflowmg its 
hanks oonvcits tho valley, in which it inns, into a swnnip a mile wide High 
wooded ground borders the valley on either side, one of which was occupied by 
tin C(Mrtd!.i''l' aimi, M’l’i H il ii' I's c ii M i"g ’< tu afnl < miss * m 
( hiek' ''omui m hoi' ol MClir,ai,-> > i\ nuc guid, 1 1 ibr oJioi bink bv 
I'm in in boiv li I'w fcdci i'- v 'd, w u. >i .lu'n <1 lO'MlOn im>i, wrrr 
L\tc" led o\c> i 1 oril -j cl 1‘1 ii> It in .abut, ibo it t1 o ctiKie ot whioh ilie 
baliooii V ,iB 't'lnmi (i So nen lO Hid neuJ th<. v i-iho'-ioi _iiol, it iimv be 
well Iial’cval that -xhe lOsiiN ot ino h. iioo’- ( lecuN \ CiO looked (or aiis.ieu'ly 
1 LOT'i hem \ eie ohmiUtd die fai 't gli np-os (d the < iiifodt etr eiipual, tie 
c iplmc ot vhicb, it was liopid, would viituniiv pm an t id lo (be v ai Tiide- 
p'l'donflj I'oogh <.l cini'j'itv, mo->t a \ii ii-j n qiniiis vrtc midc f'oin >ho 
obseiweis in the balloon, as to the difficulties that lay on the load to Uiohmond. 
Were theie any foxtitications round the place P Wheie were the camps, and 
for how many men ? Weie there any tioops in mo-vement near the present 
position P and many other questions of equal impoitaaee Now these questions 
weie difficult to answoi , and oven from the balloon many of them could only 
ho replied to with more oi loss uncertainty From tho balloon to the 
Chiekahonuny, as the crow flies, was about 2 miles, thence on to Bich- 
mond, 8 moic At tho alfcitnde of 1,000 feet m clear weathei nn effective 
inngc of vision of 10 miles could he got , thus the ground on tho opposite sido 
of Richmond could be seen , that is to say, houses, and the general occupation 
of the land heoamo known Richmond itself was distinctly seen, and the thiee 
camps of the Confedeiates could he distinguished siuroiinding the place 
rxtflnt ot nsion Rooking closer the -wooded natuie of the eouatiy prevented 
* tlio possibility of saying whethei it were occupied by troops or 
not, hut it could ho confidently asseited that no laigo body was m motioUi In 
tho same vtay, on seeing the camps round the place one could foim a very 
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roujjh oetimate of the numbei of men they weie foi, hut it was imx’ossible to 
say whether thoie were men m themoi not Earthworks, oven at a distance of 
8 miles, could he scon, but then choiaotei so far off could not be distinctly stated, 
though one could with ceitointy say whethei they were of the nature of field or 
permanent works The pickets of the enemy could bo made out quite distinctly 
with suppoi ts in icai , thrown forward to the banks of the stioam The country 
fiom Its thickly wooded chaiacter was peculinily unfitted for bnlloon leoon- 
noiasnuoes , had it been a plam like Lombardy, tho position of any cousidoiable 
body ot tioops would liaio been known , as it was, it was only possible to say 
that they were not in motion , this could ho confidently asserted, as though they 
might lemain hid in the woods while stationary, in marching they must, at 
some time or other, oome into open ground and bo seen 

During tho battle of Hnnovci Couit house, which was the first 
hoiuT” engagement of importance hefoie Richmond, I happened to he 

close to tho balloon when the heavy firing hogan The wind was 
rather high, but I was ans-ious to sto, if posaihlo, what was gomg ou, and I 
went up with tho father of tho aeionaut The balloou was, howevei, shoit of 
gas, and as tho wind was high, we weio obliged to come down I then went 
up by myself, the diminished weight guing luoi eased steadiness, but it uas not 
considered safe to go higher than 600 feet on account of tho unsettled state of 
the weather The balloon was very unsteady, so much so that it was difficult 
to fit my Bight on any paiticulai object , at that altitude I oould see nothing ot 
the fight It turned out aftei wai ds that the distance was, I think, over 12 miles, 
which from 1,000 feet, and on a cleai day, would iii a countiy of that nature 
have rendeied the notion invisible, had tho weather, however, been siiqli as to 
have allowed tho balloon to lemain at its usual altitude, tho position of tlio 
engagement fiom the smoko created could have been shown , and it could diavo 
been said that no letieat had reached within a ceitain distance of tho point of 
observation. It is quite possible, too, that with an altitude of 2,000 feet the 
action might have been indistmctly seen, even at tho distance of 12 miles 

York Town, where tho Fcdeiala were attacking tho line of 
or own .^yorks thrown acioss the Peninsula, between the Yoik and James 
rivers, the balloon was used continually I was not theie duimg the siege, but 
I did not hear that it was theic attended with any particular benefit, os, though 
the works could be oveilooked, uiespeotive of the indefinite feeling of satisfac- 
tion in being able to do this, no direct good actually accrued , this might have 
been imaguied, os the piolongations of the various faces of the fortifications 
were known fiom the ground, and any movement in frout of the works oould, 
of course, he similaily made out In the case of a eiege I am inohned to think that 
a balloon leconnoissanoe would be of less value than iii almost any other case 
where a reeonnoissauce can ho requued, hut even heie, if useless, it is at any 
rate also harmless. I once saw the fide of artillery dueoted fiom the balloon, 
this became necessary as it was only in this way that the picket, which it was 
desiiod to dislodge, could be seen , however I cannot any that I thought the fire 
of nrtilleiy was of much efifect against the unseen object , not that this was the 
fault of tho balloon, for bad it not told the artillerists which way the shots were 
faUmg, their fire would have been moie useless still 
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Tele rn lilc ora Duiuig tliQ filst two da^s of the Iiea\y fighting hj the left of 
muiiFcntiaii from the aimv bcfolo Richmond, which ended in it-i reticat from the 
Peninsula, a telegiaph was taken np m the car, and the wuc 
heiiig pheed in connection with the line to Washington, tolegiaplnc communi- 
cations weie liteially sent, direct fiom the balloon above the field of battle, to 
the govoinment In place of this the wires should have gone to the Com- 
mander in-Chief’s tent, oi, indeed, anywheic hotter than to Waslnngtou, whore 
the sole report of the state of affaiis should have been leccircd horn no one but 
the officer in command of the army If balloons oi telega aphs aic to bo fumed 
into means for dividing aufhoiity, every tiuo soldici will look upon them na 
evils haidly nnmitigated, but tbis with us need not be the ease, foi as mihtaiy 
machmes they would be solely undei the contiol of the Commandei-iii-Cluei 

0 jaion ou value General Barnard, the Commanding Engineei with M'Clellan, 
pj on ou TO uo .(viiom I particularly asked the question, said that ho oon- 

sidoied a balloon apparatus os decidedly a desnable thing to have with an 
array j hut at the same time it was one ot tho flist mcumhianoes that, if ohhgod 
to pait "With ony thing, he should leave behind I myself think that it is a 
thing, which, if pio]?eily orgamssod and woikod, may bo occasionally of con- 
siderable advantage, and oeoasions might occur when tho absence of such infoi- 
mation, as the balloon gives an oppoitunity of obtainmg, would be very hitteily 
felt The obseiver flora the balloon might, and most piobably would, often 
enough, have nothing to i eport that the general did not know, bnt tho time on 
the othei hand might oonie when his repoit would contain facts, or satisfaotoiily 
confirm other mfoimation lectucd, of such a natuio that it would bo invaluable 
Nothing ought eithei to he accepted oi condemned by its utihty alone, hut 
rather by its utihty as oompaied with the cost of obtaining it, now of tho 
utility undei certain oucumstanees of overlooking a tract of country, from a 
height of 1 ,000 or 2,000 feet, if necessary, there can be little doubt , at tho same 
tune, the cost of being able to do so is so tiifling that it would appear unwise to 
neglect the uecessaiy stops to secure the ada outage 

It may ho of mteiest to mention that the Mi Low rofened to 
piaviously, is a man celobrated in Amorioa os u veiy daymg 
aeionaut , ho has peifoimed tho quickest journey on roooid, going by balloon 
fiom New Yoik (I think itwos) to near New Oilcans, at an average rate of 
something like 60 oi 60 miles an hom 

ACriai sbi > building, and ho told mc he had very nearly com- 

pleted, at Philadelphia, an aerial ship, with which he intends to 
attempt the passage of the Atlantic , fiom tho earnest way m which he spoke, 

1 felt convinced that he intmided to tiy to cany out his sohemo , his appoint- 
ment to tho army, and the distracted state of the countiy obUged him to put it 
off for a while If the Atlantic *s ovei crossed in a balloon it Will bo tho 
greatest feat by far m the shape of ballooning^ovoi done, and may open a new 
era in the art The thooiy that ho goes upon appeals to he correct, but he is 
a bold man who iisks his life on an unsubstantiated idea Mi Low’s ship is 
capable of taking up some 10 oi 12 people with piovisions foi a ooiisideiable 
timo, it will be provided with all neoessaiy apparatus, including a hfe boat, itt 
case of his being obliged to ohango his element of supipoit Tho main part of 
hiB invention consists in a mechanical means of alteiing his elevation at plea- 
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siiio withont an. expenditmo of ballast oi gas, thas allowmg bim to loinain an 
unlimitod time in the an If he is able to do this, and the appaiatus holds to- 
gothei, I do not see how he can help making a wondeiful voyage somei\hLiu, 
whether across the Atlantic, or not, is anothei thing , noi do I think the vcu- 
tuie would bo so hazaidous as I daresay most people would consider it to he 
Tl r ofo irent Low’s theoiy, respecting the diicciion he 18 likely to take, 

appeals collect, he, in common I believe with othoi aeiouauts, 
has noticed that at vaiious altitudes thcie are cmrents of an iiinning iii vari- 
ous diioctions, this 13 only piobable, os a ounent ma fluid in one diiection 
induces a compensating one in another He proposes, thorefoie, to rise through 
successive currents of tlie ntmospheie, as it were, until he finds one settmg the 
way in -which he wishes to go These theories aie somewhat visionary, and 
decidedly apart horn the picsent question 

Ap nntua ^ conclude with a few remaiks on the apparatus I would 

proposod recommend foi e-Aporimcntal pui poses Though foi actual use, I 

thmk the laigor sized balloon the heat, a capacity ot 13,000 cubic 
feet would give suflicient buoyancy foi expeiimcnt I would nltei, howovoi, 
the shape of the envelope, as tlie one commonly used is the worst that could ho 
devised for the purpose , m the case of a free ascent, shape matters little, as 
the machine must go -writh the wind, but when the balloon is anchored it is of 
paramount importance to present the least possible surface to tlie action of the 
ail I would therefore give to the balloon a oyhndrical form, and to the coi a 
boat shape, and I behove that with the decreased resistanoo offered, such stabihty 
might be ohtamed as to allow of ascents being made in weathei that, with 
the old shape, would preclude then being thought of I would also have the 
whole of the network and the guys of silk, foi the sake of lightness Com- 
paiativoly speaking, the first cost would he unimpoitant, and with oare tliey 
would last a long time, while if it was thought desirable, common cord might be 
used for oidmary ascents, and the sdlc ones brought out only in onso of gieat 
altitude being required A voiy thm wire would enable tolegraphio communi- 
cations to he kept up, if necossai-y, with the ground, and an alphabetical mstni- 
mont would place the means of doing so within anybody’s reach The cost of 
an apparatus, peifect m eveiy lespiect, would ho about £500, and one for oxpen- 
mental purposes might be got up for much less The officei in chalge of it 
would loquiie to have piactical experience, but his assistants might he men 
taken ftom the ranks, and a few houis would make them suffloiently acquainted 
With their duties 

The management of a balloon would seem to ho a simple opera- 
Managemant perfectly calm weathei when everything goes well, 

so it is , but to feel confident under adverse circumstances, and to know exactly 
■what to do, and how to do it when difhculties ause, can he the lesnlt only of 
experience It has been supposed that the swaymg motion of a halloon when 
tied to the earth would occasion a nausea in some people akin to aea/-sickncsa , 
I do not think this would be the case (with mo it ceitamly was not so) as if the 
motion were so great, fcai would in all piobahihty oveicome any other feeling, 
and at the Same time under such circumstances it would he useless to think of 
observing 
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I hope tlmt the capabilities of balloons foi militaiy I eoonuuiss woes niA\ ic- 
ceivo a fair test, -with pioperly prcpnied iippaiatus, ns, should it be siiddenh 
required to uso them, it is quite possible that want ot pinctiee would tuiu \ilint 
should have been a success into a fniluio, and the faults ot the exccutiiL would 
be borne by the system I am confident myself, that uiidei ceitam eiioum 
stances, balloons avould ho found useful, and no one could say attei all, more 
against them than that, hko tho faith wheel to the coach, they were useless 
F BEAUMONf, 

Capt , Royal luguieeis 


Since wilting the iihoio papci, an cspeiiment has been oaiiacd out undei tho 
diicctiou of tho Oidnauco Select Committee, a biiof account of which is suh- 
■joinod Should tho matter ho pioceodod with, I shall be glad on the completion 
of the expeiiraonts to fuimsh a complete account of them 
On tbo question being brought btfoio tho Committee, tho pomts they wished 
to establish weie, fhst, that the fict of beiug ahlo to oveilook a tiaot of countiy 
from a gioat elm ation leally oonAe3'ed tho advantages it was repiesonted to do , 
and secondly, that tlicio was nothing in the abstiact situation which made it 
impiaoticahle to reconnoitie fiom tho oai of a bollooii 
IVith this object only ui view, an oidinary balloon inflated with coal gas 
would sulfloo, foi though unfitted for the pui poses of a rooonnoissance, still by 
choosing a calm day it could be used Aiiangomcnts weie tboiefoie made foi 
the hue of one of Mi Coxw ell’s balloons, the necessary guy i opes, gas, Sco , 
being piovided by government Aldeishot was tho place appointed foi the 
ascent, as the gas-works happened to be conveniently situated, and being a oamp, 
thgie would be no difficulty in obtaining the concuirenoe of the mihtary 
*rhe authoiities at tho Hoi so Guards sent down oxders to Aldershot that on a 
^uitaljle day foi the ascent the tioops should be marched out in different direo- 
tiios, so that the value of tho balloon, as a point of obscivation, could bo prao- 
tifsally detoimmed. 

The flist time appointed pioved a fadme, owing to the boisterous state of the 
woatbci, and tho expeumont was jmt off till the 13th ot July A fleld-dny, 
however, foi the Piinoo of Wales being fixed foi the day after, the ascent took 
place on Tuesday the 14th This so fai modified the expenment, that no obser- 
vations could he made on troops at the exticmo distance at which it was antici- 
pated thay would be visible from tho balloon 

. ^ THe inflation was completed before eight o’clock m the morning, as tho ropes 
and men being new to then tasks, it was consideied advisable that a few preli- 
nuilary ascents should he made Mi Coxwell had been no higher than about 
600 feet in a paitial ascent, so that, except ni’Tsolf, no one had before been to 
the height of 1,000 feet, which it was now pioposed to attain , and in a matfei 
wheie any accident would in all piobability cany with it serious consequences, 
it was proper to take every precaution After inflation, the balloon was earned 
to Thom Hill, some 300yaids fiom the gas woiks, where the ascents weie made. 
Three gtij lopes w'cio used, one of winch, strongoi than tho othei two, was 
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passed tlnougli a snatoh-Uook fixed to the giound Tho lopes were manned hy 
a paity of Engineers entiiely new to tho woiK No difficulty was expouenced 
in eithei laising oi loweimg the balloon, the lattei opeiation being done in 
about 16 mmutoa fiom the height of 1 000 feet The gioateat elevation reached 
was 1,200 feet, and vaiiedhom that to 1,000 feet, tho balloon remaining foi 
npwaids of an hoiii and a half hoveling oiei the camp It was iniscd and 
loweied at pleasure, to enable the obseiveisto bo changed, and made some eight 
or ten ascents before it finally left the giound foi its fieo flight 

As to the piactical lesnlts obtained, the whole apparatus being unsuitod for a 
war balloon, the experiment affoided no criterion of the difficulty or otherwise 
of inflation on active service, where the gazometei would have to be oarriad , oi 
indeed of the amount of stabihty a captive balloon might be capable of attaining. 
It was shown, howevei, that the tiansport of a balloon when filled was simple, 
and that it could be easily raised and lowered, atiactof countiy altogether 
unseen from the giound below was brought undoi ohseivation, aud tho move- 
ments of ti oops on the top of Crcsai’s Camp, otheiwise out of sight, vveie oleaily 
diBoeinihle Eiom tho top of Thom Hill, tho lange of hills known as the Hog 
Edge, of which Cmsar’s Camp is a part oi adjunct, bounded tho hoiizon on that 
side at a distance of somewhat less than two miles , from tho elevation of 
1,000 feet, such a boundaiy no longei existed, the slopes of the opposite sides ot 
the hills even being visible, m fact an effective hoiizon of 20 miles’ diameter was 
obtained — that is, no laige movements of troops could take plaoe^withm a radius 
ot 10 miles without being seen 

The day of the ascent was very still, exceptionahly so, and how fai it may be 
possible to overcome the difficulties which aiiso when the air is in motion can 
only be determined by expenment 

My own idea, however, is, that with a propoily oonsti noted appaiatus, balloon 
leoonuoissanees may be made m a wind moving at any rate up to 20 miles per 
hour , the highei the wind, the loss would of couise be the altitude attained , 
however, a height of even two bundled feet is more than that ol the spues of 
most chill ohes— points of observation eageily sought foi when on the inaich m 
an enemy's country 

It would appeal, theiefoie, that, under certain ciicumstanots, tho balloon 
ifioids iiicir'- to cn nimv of cmiving w thff a ’oftv pomt of ob«onntion end =n 
1 11 ai- 'I'c ovpin nun Mn',il’i' out t lo upniioii I cv.pic-.fd o . nemnttcim 
t’ c p. i)( i to winch till., 1- in a bh ndi m 

\\ lib 1 huimc 111 I’iC g(i (lal -nb) t ol b"llooi ng I b h»i( tl t tom" u^nfal 
U'^iili- 1 11., at be obtiiirrd bv p'mlogiajil'r imphul Ui'in a ba'locii V -ip'iis of 
paiioi-iT c views rii'giii bt li'uiibv mov'gibc .i ■ c'li ic do ir vl ul. would bo 
ulhciiii'h in ( I'uible n ( >"blf u di i mb'- i mi maw ■ -kUili liem, red 
wli' iwiiuldbm b.o'tavti ■‘ii noii ■ ipi ' i ’’in -v -iivei in *’ic eimnid 
ton'dli’v' been exiculfi tl i-,Jiov ' u i- -‘i le i I I'-aniif'i ol spui lal'iii, 
biiMlmp. Jioibl in iv,.c n.n- •, 1 1 m »ii n.g a, r " ■> I*'- "P 
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PAPER xiir 

THE PRINCIPLES OE DESIGN IN ARCHITECTURE + 

Bi J FERGUSSON, Esa , F E, S , F R I B A 


On 'being requested to delivei a Icctuio at this Institution on “ TJie principles 
if design in A> rhiteoiure,” I willingly consented to do so , the lesiilt of long and 
latient thought on the subject having led me to conclusions so difftient fiom 
;hose 'which gcneially pievail, that I nm glad of an oppoitunity of explaining 
ny views to such an andiente ns this, feeling confident of the coiiectness of the 
■casoning I nm about to lay befoie you , and being, at the same time, impicssod 
viththe importance of ajustei appiociation of thetiue conditions of the problem 
icing geneiallj diffused It seems to me that unless this is the case, it will be 
mposaiblc for anj impiovomcnt to take place in the present vciy unsatistactoiy 
tatc of ai ohitcctuial design Unless, also, architects aio agreed iii tho piinciples 
in which the science of then ait is based, all ciiticism must bo empirical and 
roitbless 

Befoie, however, I attempt to define what architecture really is, let me flist 
vj to explain what it is not, foi I feel convinced that one-half of the eirors in 
lesign, and nme-tenths of those m theoiy, arise from mistaken analogies 
nth other arts -with which it has no real a-ffirnty, and from false theoiies based 
in these ononeous data First, then, architecture has no affinity in principle 
Vith pointing and sculpture These aits aio what aie properly called phonetic 
iits — that IS to say, are voices, or represent what may be expisssed by words 
ii Egypt painting was tho only mode of perpetuating thought, but since the 
nvention of tho alphabet, pointing has become subsidiary to wilting, still all 
ui paintings are either lepetitions ui a different form of what has been Wiitten, 
1 representations of things which might be expressed more oi less clearly in 
vords , Hogaith’s Rake’s Pi ogress, foi instance, or his Mamage & la Mode, is a 
level -written with the brush The thousand and one pictuios which illustrate 
vlil ton’s Paradise Lost, oi the 'Vicai of 'Wakefleld, oio only transonpls into another 
bim of expression of the original poem oi novel, and even om landscape or amtnal 
lamters aie only doing in a vivid manner whatVoids would paint, if not so well, 
z^etin some respects wnth moio distinctness of detail Sculpture is an art which 
las the same tendencies and objects as painting, only that it expi esses by form 
vbat its sister ait acoomphshes by the employment of outline and colour Still 
' A Lecture delivered at the Lecture Theatre of the Royal Engiueei Estabhbhment at 
Chatham, December % 1S63 
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tUo pen, tlio 1)1 nsh, and the chisel, aio only instiumentfl foi doing pu'cisely the 
same tiling though in diflcicnt ways But aichitectuio has nothing to do with 
wnids No aniouut of (loguencc will build ii hoiiso, and no conpiatioii of woids 
will heip out the wontlun, oi wiira tho insido of a dwelling, woids caiiuot 
make a house, and a building can only cxpioss a veiy small and limited class of 
ideas, and those only icij inixicifectly Notivitliiinding all this, nothing is so 
coiiiniQii as to gioup (lieso threo aits togethei, and paiutcis, sculptois, and 
aichitocts aie snpposid gencially to bo men following difteicut biniichcs of the 
same profession, and are joined together in the same academies as if thej had 
cvei-ything m common Yet, unless yon can tlioioughly eiadicato fiom your 
minds all idea that there is any analogy hotweon them, it seems to mo impos- 
sible that you con evei acquire any cleai ideas ns to what architecture really is 
or means 

If, howtvci, aiclutecture has no real alhaity with these phonotio arts, there is 
another glou]) of arts with which its iclations are mUmatc, and all the analogies 
diawn from them aie tiuo Tho gioup I allude to is that of tho Useful oi 
Technic Alts, and avithout attempting to go into any clnssifioatioii of these it 
Will he sufficient at present to define them as Ihose aits which provide foi mau- 
tiud Food, Clothing, and ShelUr Bj a beneficent airangement all these which, 
in the flist instance, aie indispensable foi his existence, are capable of being 
refined into fine arts, so as not only to supply the wants but to giatify the tastes 
ofmatdand It is the desire to possess these refinements which is the gi Latest 
incentive to exertion, and it is practically tlieu possession which distmguishes 
the oivihsed fiom tho savage races To take an uistanco, man cannot eat raw 
meat, and even law vegetables oi fruit aie voiy pool food to work upon, so that 
roasting and boiling become quasi necessities, but when men base leisure and 
means they soon become dissatisfied with even these, and stew s and compounds 
of various kinds become indispensable, till at last the usalul ait of cookoiy is 
refined into the fine art of gastionomy 

It IS the same with clothing, a sheepskin and a blinkot aio suflicient to keep 
out the cold, but these have been lofinod, by stops I need not tiaco, into art as 
elaborate and as oxjionsive as any other The faiioi halt of the cieation, at all 
events, spend moie time and money on making then dicss beautiful, than, I fear, 
IS spent on aiolntocturo , and even men aio not always quite fieo from hunkering 
after tho beautilul ui this foini 

It IS no doubt oomi>aring great things with small to oomparo arehitectme 
with gastionomy and tailoiing, but this is not the question, wlmt I osseit 
most unhesitatingly is, that the useful art of Inulding is lofined into aielu 
teoturo by tlie identically same piocoss by which cookeiy is lehiied into gastio- 
nomy, oi tadoimg into an ait without a name The same piocess which lefincs 
a boiled nCok of mutton into a dish of outlets d I’lmperiale, or a gulled fowd into 
a poulei a la Marengo, oi any othei claboiate compound, is tho piocess by which 
a hut to shelter an image is refined into a temple, or a meeting house into a 
cathediali and so essentially is this the ease, that if you wish to acquire aknow- 
ledge of the tiue principles of design m arehitectme you will do better to study 
the works of Soyor, oi Mis Glass, thau any or all of the waters on architeclnie 
between Vitruvius and Pugin Arehiteetuie is in fact nothing more nor less than 
a useful ait, necessary foi tho existence oi convemonte of man, refined into o 
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fine artm ordei that it may also mmistei to his intellectual j^iatificilion hi 
order to make this oleaioi let us take an example— I have hoi o n di .u\ mg, Fig 1 , 
of one of the most utihtaiian class of bmldiugs which deface our hud, u plum 
cotton mill If the same quantity of bucks were disposed as m Pig 2, keeping 



Fla 1 Fig 2 Fig 3 Pig 4 Fig 5 


the dimensions and openings exactly -wheie they were it would be a better 
bmldmg Fig 3 is a still greater impiovement without any nlteiations, except 
in the disposition of the materials, and it may be called a good buildmgi but still 
not arobiteotuie Fig 4, on the contrary, posses the line, a ceitani amount of 
ornament is apphed, which at once takes it acioss the boundary line that 
sepaiates the useful from the fine ait, and in Fig, 5 wo have a still further 
advance i not only is ornament employed which cannot he called either useful 
or necessary, hut the parts aie grouped and orianged so as to produce a more 
pleasing effect than could he done by the meioly mechanical ariangement of the 
blocks in the formei diagrams 

The first is plain slovenly cookery, but it cannot be denied that it may ho 
such as would be sufficient to piepaie food foi human digestion, 2 and 3 are 
good plain oookeiy, the second better than the first , 4 and 5 aie dishes prepared 
With additional condiments, and by more elaboiate processes, so as to gratify thb 
taste as well as to affoid mac sustenance If this is judiciously done, they may 
he not only moie useful as nutiimeiit, hut may affoid, to some at least, infinite 
giatifloation in the second oategoiy In this country the civil engineeis aie the 
plain cooks, and though most excellent in thllt capacity, gcncially make a sad 
mess of it when they boiiow a cookciy book and tiy then hands at a lughci 
flight The architects with ns are what the Fienoh call " des Aitistes,” and hke 
their oonfrffies are veiy indignant when asked to superintend the spit or to look 
after the hoihng ot a leg of muttpn Both are excellent in then way, but the 
fact 13 that no hue can be drawn between them, and no one can say where the 
useful art ends, or wheic the fine ait hegmaj it changes with times, places, and 
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subjects, but tho piocesa la the same m all bianclies , and -wbenever you desue 
to lefiue any useful ait into a fine art theie is only one path by wbieb it can be 
done, and that is tlie same for all, if you deviate ono liaubioadtli from that 
path you get into difficulties, fiom which no talent 1ms evei yet been able to 
recall tho wntideioi 

If it vvei o V 01 th while, it would bo easy to point out how almost all tho other 
useful aits have become fine arts, by tollowing tbesame piocoss by which bmlduig 
btcamo aichitecture How, for instance, hoiUcultmo, oi the pi eduction of vege- 
tables for food, became floriculture, an ait whose sole aim is beauty , how agnciil- 
tni e and aiborioultuie became landscape goidcning , how the making of earthen 
pots and pans resulted in the manufacture of the exquisite vases of tho Greeks oi 
the elaboiate pi eductions of Sdvres , how working in metals led up to all the le- 
finemeut of gold and silversmith’s work, oi all the multifomi products of the jew- 
eller’s oit, how weaving led to embioideiing, how, in short, eveij useful ait 
has been, oi may bo, leftned into a fine ait An attentive study of tho process, 
by which these or any other useful ai ts are lefined into fine ai ts, pioves that tho 
aitist cannot go wiong so long as he confines himself to tho legitimate and 
appropuate use of tho matciial in which ho is woikuig, and never loses sight of 
the loal utilitaiian piuposo which must always foim tho basis of lus design So 
far from architeotuie proving an exception to the inle, it is the best and most 
pointed illustiatiDu of its univcisality It is, however, so much laiger and 
moio important than most of the others, that many have thought there must be 
something now or diffeicnt in its pimciples My oonviotion is that it diflers no 
mors from its sister refined aits than a giant diffeis fioin a man of diminutive or 
ordinal y stature — ^while those who would mix it up with moongiuous analogies 
seek simply to cieato a monster, which can neithei be useful or permanently 
agreeable to anybody 

It IB hardly neeessaiy to enter into tho aigument whothei it is expedient to 
build beautifully, 01 to cook elaboiately, oi gcneially to seek beauty in art, or 
whethoi we ought not to be content with plain roast and boil, oi plain undis- 
guised buck and unhewn stone, and with the plainest and most utilitaiiaii forms 
m all the other aits All, I fancy, will agree that tho dement of beauty or 
leflnemont, if it can be obtained without unnecessary inLonvonienoe, or without 
materially enhanung the cost, ought to ho aimed at, and that this, when it is 
accomplished, is a gam to the lofincmcnt and dignity of mankind 

If all this IS as clear and simple as has just been stated, it may well be asked 
why it IS not umvci sally acknowledged, and how was it that men ever came to 
believe that there was any connection between architectuio and the phonetic 
artS) or ever came to practice it on these mistaken pimciples P The answer 
to this IS nnfoitunateh only too easy and obvious When m the fifteenth and 
sixteenth centuries men le-discovered the hteiatiue ot Greece and Romo, they 
weie so much struck with tho immense suponority of the classical hteiary 
models, as compaicd with anytTimg that had boon dono m Europe duiing the 
middle ages, that they one and all became enthnsiasho classicists Bo for as 
literature only was concerned they might he right, and they wore also, perhaps, 
not far wrong nr reproducing tho icflucment of the okssioal ages in the sister 
arts of painting and sculpture The erroi was in jumping to the hasty conclu- 
Bion that the same rtuooiiiiig applied to architcctuie also In fact, that tho 
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principles of the phonetic arts might be applied to the trchiue, oi useful (iifs 
No Boonoi -was this false analogy conconed than aiehittotmc i\iis taken out of 
the hands of the tiue oxpeits — the niastei masons who had hiought it to such 
perfection — and was handed ovei to such men as Alberti, a sdiolar, Michael 
Angelo, a pamtci and sculptoi, Uaphaol, Peiiuzzi, feanso\iiio, Gmlio liomano, 
and othois who were piainteis — in shoit, to tho ailists who piattiecd the plio- 
netio branches of fine aits, but Mho had no leal knonledge of constinctiun oi 
any definite idea of the piinciplcs on w'hidi tho ai t of aiohiteotuie ought to bo 
oairiedont From that day to this the erior has nciei been thoioughlj coiucted 
The aiohitect Las become a man u lio clabonlcs tho conception of ii building “ ah 
ezteino” as a paintei concoires the design of n picti.ic, and iciy laicly indctd 
a man who woiks out his foim “ ab imo,” or fiom tho loal essential necessities 
of the case Tho idea of a man sitting down in Ins office to inopheoy limldings 
of all sorts and. kinds, for all pmposes and all places, neiei octiiuod to any one 
in the middle ages They did not then believe that any human intelligence was 
capable of foieseeing the ultimate form of 50 oi 100 buildings, of diawing, 
measnimg, estimating, and desoiibing eveiy detail, before a atone was Hid on 
the giound Thoy set to woikin a very ditfeiont style, one man deioted his 
whole life to one paiticular class of bmlding, and niideitook one building at a 
time, and assisted by masons, caipenteis, oaivers, and ornamcntalists, oaoh of 
whom had devoted his life to his speciality, and nas devoting his uhole time to 
that one woik in hand, thoy claboiated among themsohes, duung a long oourso 
of years, those buildings winch wo now so much adimio, and admiie simply on 
nocoiint of the amount of honest, earnest, skilful thought that has been devoted 
to their elaboration The one simple object that these men sot hcfoie them was 
hoiv to piodiioe the best possible building for the purposes entrusted to them 
with the means at then command The lost chuioh, the last castle, oi the last 
mansion, nearly of the dimensions of that they weie undertaking sen cd them 
as a model, and with such altered conditions as their pui poses nooessitated, thoy 
set to work, intioducmg as they wont on every amendment in consti notion that 
had been devised since the last w'as built , every improvement in arrange- 
ment, and ovoiy new form of ornament that had come to be admued m the 
Intel vnl They thus went on gi adnally accumulating espenenoe, till at last they 
reached that degree of peifeotion which so much astonishes ns now, but which 
then enabled any village mason in the Fen country, or m tho Moors of Cumboi- 
land, or Wales, to piodncc buildings which oui gieatest and most learned men 
are now trying to emulate in vam 

The commonsenso system which prevailed duung tho middle ages, as in all 
anterior times and places, had the further advantage that every Jbody undei stood 
it If a pnest wanted to build a chm ch, a bai on n oastlo, oi a gentleman a mansion, 
each knew what was the model that suited him best, and each knew also whoio 
to find tho man best suited for his purpose The conditions of tho pioblem 
were so simple that eveiy one could undoistariH thorn. There was no looking 
back to past ages, or to other countries No learning oi antiguauan skill was 
needful, nothing in short, but a knowledge of what was going on oiound them. 
It was then with aiohiteoture, as it is now with ship-buildmg, engine-making, 
01 any othei useful ait A moichant does not require imy deep knowledge of 
the ait of ship-hfiildmg to know wheie to find the man who can build him 
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ovactly the sliip oi steam vessel he may -want, foi canying oi foi speed If a 
man M'ants a m'lime steam-engine of a certain quality, lie Icnows -whoie to find 
the men who can supply it If lieiequiiesoue foi pumping thoio e-snsts another 
class who make this then speciality, and if he wants a locomotive he knows also 
whoio to go Thus without auy special knowledge of ship building or engineer- 
ing, any man may now bo siiio of getting evactly what ho wants, and of tho 
quility hoioquiios, hj applying to those mon who have made it the special 
study of then life, anti ivho, consequently, know all that has been done or can 
now be effected It was pieoisely tho samo in tho middle ages , piiosts, haions, 
gentry, all know what they wanted, and they knew also wheio to find it, and 
they have found it too in a maniiei wo well may envy, but have hitherto tailed 
to compete with 

With the Renaissance a new clement was added to all this , besides the 
necessities of oonvenienco and constiuction, tho building, if a chinch, was to 
look like a Roman Temple, if a palace, like a Roman Amphitlieatio, or 
Bath , and if a iilla, like what that of Plmy oi Luoullus was supposed to have 
been This was not the woik of an aiohitect oi buildoi, but of a seliolni or 
antiquaiv, and Ins suboidmate woikmen knew nothing of all tins, so tho aichi- 
teot was obhgod to s])in the whole out of his own head before commencing, and 
deliver it oompleto to bo carried out by men who had not tho smallest conoeptiou 
of its meaning, or of tho purposes the vaiious paits weie meant to subserve oi 
express In fact the whole secret of the problem hes in this, that dunng the 
middle ages, and during the onstenco of any tiuo stylo, men practised architec- 
ture precisely as we piaotioe any other nsefhl ait Precisely the same process 
that oonveited the galleys of Edwaid mto the three deckers or ironsides of the 
piesent day, oonveited tho lude chuiches of oui Saxon forefathers mto such 
cathedrals as those of Yoik and Lincoln, oi tho spinning wheel of the cottage 
dooi into tho hundred spindled mule of oui cotton taetoiics , bit by bit pi ogress 
towaids a well defined end, steadily pcisoveied in foi ycais without e\ei turning 
to tho right 01 left, or over admitting the mtioduction of any extraneous 
element Since that time wo have added the now element of tho pioblem m 
architecture alone of all the sistei tochnio aits , wo have insisted that besides 
convoniGnoo of airangement, pcifcctioii of construction, and beauty of ornament, 
the building shall look, oi try to look, like something that was done in some other 
chme or at somo othei ago, and was probably intended foi some other purpose. 
It is as if wo weio to go to Scott Russell and ask him to build ns a steam-boat, 
but insist at tho same time that it shall have three tieis of oars, and look in every 
respect like a Roman Tmeme, or to go to John Ponn and ordei a steam-engine, 
hut stipulate that it must bo so arranged that it must look hke a wind or 
water null These orders would not bo so iidiculous as insisting that an aiclii- 
toct shall build you a museum, but shall putup iii fiont of it a screen of columns 
intended for, and only appiopriaWo the temples of classical times, or shall build 
a Piotestant place of worship m which you can neither see nor hear, nor sit with 
safety and comfort, and all because in the middle ages sesmg and heaung woie 
not impoitant, and because our foiofatheis weie too rude to suffer from draughts 
or hard seats 

The fact of an eesthetio element being introduced into tho practice of any art 
makes no diffeionce in the aigumont, for, as before hmted, all aits, phonetic or 
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tedinic, aio capable of tins speoieaof dovelopmont Thus, piose is capable of 
being doieloped into poetiy , nariatiie into eloquence , a mere photoginph into 
a highly imaginativo piomtiiig , a figiiie in wav woik into an Apollo Bohcdort,, 
or a Venus da Modici, by evacHy the some piottss by which cookery becomes 
gastronomy, tailoiing costumor-y, oi building architecture Each is dcielopeil 
into beauty within its own limits, theie is no shunting of one art into the 
province of anothei to obtain this lesult, nor is it possible within the hmits 
of the ni’t itself to tell wheie use ends and beauty begins, and ceitamly no new 
prmcipie is developed by the change m the matiiiei in winch tlio art is practised 
in its various phases So far as I know, thcio is no instaiico in the history ot 
the woild of one ait invading the teiritoiy of anothci, except in the solitary 
case of nrohiteotuie duiing tho last three centuries, and the experiment has bocii 
so unsuecessfnl that it is not likely to be lepeatsd If it had sutceoded the 
anomaly might have been overlooked, and tho apparent absmdity forgiven, but 
as the result is entirely the other way it is time it should be abandoned It is, 
perhaps, not too much to say that though more money has been lavished, and 
more talent employed m building duiing tho last thiee centuries than at any 
previous period, not one single building has been produced which is entirely 
satisfactory, and thousands which aie very much the contrary , while during 
the three pieoeding centuries it would be as difiScult to find a single edifice m 
any part of Europe which is not beautiful in itself, or which we cannot now 
contemplate with delight Tho latter were the woik of men comparatively 
Ignorant and lude , the former of men in tho lughest state of civilization and 
refinement which the world has yet known, and this diSerence in result can only 
he osoiibed to the difference m the pnnoiplcs on which the art was oairied out 
during these two periods It is high time, therefore, that aiehiteoture should 
leoovei her true position ns one of the most impoitant of the useful aits in tho 
utilitarian stage of her development, and as tho one most suited for artistic de- 
velopment, and perhaps tho only one capable of rising to grandeui oi sublimity 
m the second or sesthetie stage Her tiuo caieer is so giand, and her purposes 
ere so noble, that she can voiy well affoid to repudiate any connexion with the 
phonetic arts which belong to a totally diffeient class, and need not borrow 
shreds from then adornment Her own principles suffice for all hei own pur- 
poses, and when these are honestly carried out she has no iival among human 
arts except among the highest flights of poetic hterature. 

Elements of Design 

Wif’iout fiuthii prc'lico then, lc‘ is comi. to the piuc tied point 'What are 
*hc inciiJa In uhi< h a <!ii.i-,fic ,ri iiichil'',,! ii il design m vb obfamed ’ Hie 
best gtnoidl ,iii=«cr I’m tip be i, .lu to ‘In'- q,iist on w piri'-ips, rlnit which 
vviiN g ve 1 1)' ilic pn iiei Onip l j a io,ing aiti-,1 iiom ,lu' coiintn u’h,, struck 
V itb tli^ I, i" auc\ ol Op ( n co’oai ng, +imidU ventu el to niqn le witii ain't 
jic n I'cd hit- coio'uv. to llii» ibc gud oid p'oiita bi'tflv icplicd — i ' In 
that ono-'vou’ IS 1i, iv-iidcthcoiv ol aif lucor ne If a min will only thin of 
wb it lio Is doing and i ,ipiv or th<il o.ih, I drtj him to p'odi cc a bud ac>-ig.i 
A Milam man may onp’css ‘■omi.tnng ol !■’» ow, vulgai ii ip,)ij ,t , avc-iL 
man nuiLething of hi-, htblcnc-s, bul il ilu po-n-iu of the ert is up to the muic 
of nil. pg'jtl'c'-cwiilrolboiicio'-ptibh to '.hr gui Hal pm Ar v.ii lotpi.ipo'e- 
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like design, pietending to lio nothing but what it is— going atiaiglit to its object, 
and giving evidence of oaicful study and thought-must always bo phasing, not 
only to its coiitempoiaiies, but thiough all ages, oven if ncitliei oinaineiited noi 
ornamental , wbilo no evtiaiagance 1 insbedou a lalschood can lemain tulci iblo 
beyond the fleeting fashion that gave iiso to it 

To descend a little moic to paitieiilius, the piinciples ol design in architccturo 
may bo elasaed under foui distinct heads, thus — 

1 — Convenience in arrangement 

2 —Economy in construction 

3 — Ornamental airangemeiit 

4 — Ornamented constiuction 

The two flist belong, pioperly spexking, to the builder, or to the enginecnng 
pait of the profession, and only the lattei two, stiietly speaking, to nrchiteotuie, 
but unless he gets them done toi him, which sometimes, though i arely, may bo 
an expedient aiiangempnt, no aichiteot must neglect the foimoi two Indeed the 
first is the foundation of all good niehiteetuie, loi unless a building is so ai ranged 
as to meet the pm poses foi -which it is intended in the best possible maniiei, 
it IS impossible that any good can be done -with it at any subsequent stage 
This alone will not suftice to make a building beautiful, but it will go ns fai 
towards it as almost any othei quality, and nothmg that can be added will redeem 
the want of it 

By economy is meant that all the mateiial used in a building should be so 
employed, that the gieatest possible amount of woik shall be got out of it 
■When this piecopt is carefully attended to, it fiequently happens that a stable 
and elegant building may be erected -with a certain piopoitmnate amount of 
matenal, while with tvnee that quantity lees scientifically applied, a clumsy, 
rude edifice, is all that is obtained, ciushmg itself by its own weight It is, ui 
fact, doing by reflection and science what too often is attempted by biute toioe 
Like any other good principle, it may be earned too far, but it may safely bo 
asserted that nothing adds so much to the chaim of Gothic buildings as the 
scientific economy displayed in eveiy part of then construction 

The third principle, enumerated above, is the foundation of all good archi- 
tectural design, and consists in ananging the various parts of a building or of a 
group of buildings, so as to be m baimouious proportion one to another, and so 
that each may aid every other pait in pioduoing the effect desiied By thought 
and care, this may generally be obtained without any extra expenditure of 
money or materials, or with only the slightest, if any, loss of convenience As 
such it ought always to be the piineipol study of the architect, and is also the 
means by which the most permanent!”- satisfactory lesults may be obtained 

The fourth piinciple, which is thirspe^»alpiovmoe of aichiteotuie, ought al-ways 
to be treated as an addition — something veiy useful towaids aiohitectuial effect, 
but not as essential It ought njvei to be allowed to interfeie m any way -with 
convenience, nor with economy of materials , its mam use is to aid and refine 
ornamental airangement, to accentuate the constiuotive details, and, if I may 
use the expression, to tell the whole story of the building m on agreeable 
manner 

Ornament is extremely useful m eonferimg on buildings a degree of elegance 
and richness which it -would bo difficult to obtain without it, and it may also 
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be made to oonvov an impiession of -neilth and mag'nificonco whnli, in ifi 
absence, could only bo nttamod by luoicaecd dimonMions, oi raassiviint",s, and 
these would be as expensive, and, in some inst inecs nt least, loss effectn c Oi iia- 
mont 18 also extremely useful in altciing the appiiout propoition of Iniildiiigs , 
thus by the employment of stiougly maikcd hoiivontal hues, a building which 
is too tall may bo leduced to proportion, oi one that is too low nindo to look 
noaily twice as high by employing only vertical features Buildings that from 
the mhorent necessities of their constiuetion look weak, maj he made to appeal of 
any desired degree of strength, and sparkling gaiety of effect bo giieii to those 
that othci wise would be too massive and heavy 

Internally, the aichitect cannot leiy often contiol the dimcnsioua of his 
apaitmonts, but by a judicious application of oinainent he may alwiivs make 
low looms look higher, nauow looms bioadoi, and leduce long looms to a bottoi 
pioportion More than even this ornament enables an aicbitect to give to 
every pait of his design exactly that dcgieo of prominenoo and dignity, and 
that oloss of Qxpiossion, wliioh suit its position oi purposes These are all 
legitimate uses tor the employment of ornament, and when used fox these pui- 
poaos It IS nevBi offensive It always becomes so when it is employed to conceal 
either use or construction, oi to make a building tiy and look like what it is not 
or cannot be 

Oknamcntal Arkangement 

In oidei bettei to explain what is meant by ornamental aiiangoraont, lot us 
take an example It is pioposcd, toi instance, to moot a barrack foi, say 1,000 
men The fliat thing, of course, is to study the economy of tho rogimont, and 
to ascertain exactly what is wanted There must flist be dornutoiics and living 
looms foi the men — quarters and a mess room for the oflioeis, quarters piobably 
for marnecl soldiers, an infirmary oi hospital, an entrance gateway, mam guard 
and canteen, &o If you axtange all these m a row any how, you will get a veiy 
commonplace effect. But supposing you divide your men’s bauacks into four 
nearly cubical blocks, and place them at the angles of youi square, fill up 
the longest curtain opposite the entxance with the ofidoeis’ hmldings, and let the 
mamed men’s quarters and tho infirmary or other ofiices fill up the other two 
If all these buildings aie well pvoportioned to each other, and each appxopnnto 
to its own use, you may get a veiy pleasing and stately effect lyithout one shil- 
ling of extia expense But if, on tho other hand, you make tho officers’ quorfois 
exactly hke those of the men — as is done in this (Biomptonjbanack — ^if you make 
the field-officers’ quaiteis hkc those of snbaltei-ns, you lose one of tho principal 
elements of architectural expression, and the design loses all the meaning it might 
otherwise convey In the example just proposed it is suggested that the principal 
masses should be placed in the angles, not only for sanitary purposes, but because 
in nine oases out of ten it is better architecture to accentuate the angles than to 
attempt to dignify the centie We have got iCto the oontmy piaotioe fxom the 
habit of using porticoes, which can bo applied only to the middle of a building, 
but half the weakness of modem design is owing to this cause , m military con- 
structions especially it is most prejudicial 

The above assumes that the barrack is built on a peifectly plain site, but if the 
ground undulates, there is nothing which gives so pafect on aichitectural lesult 
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as a desig-n suited to, and following all tlie accidents of the situation , no mattc-i 
how iiiegular the leenlt may be, the evideiico of thought and design, which a 
motived incgulaiity gives, redeems any other fault, but it must be motived— 
irrogulaiity foi uiegularity’s saVo is meie affcotation, and ought never to ho 
indulged in 

Oise of the hest and most important modern examples of ornamental arrange- 
ment that can he quoted, is, pethaps, the recent junotion of the Louvie and 
Tusleries, by Visconti When the latter building was elected, it was so distant 
that its areJutect never thought of making its plan range with that of the older 
building, and in the least artistic ago of Fiench architecture, Htiin IV joined 
the two by the long gaUory without evei thinking of the principles of oma- 
mental arrangement. The consequence has been that, foi more than 200 years 
every French architect of emuience has tued to lemody this defect. Diagrams 
of fifty of their plans have been collected and are now exhibited, some of gieafc 
ingenuity, but on the whole peihaps the best is that by Visconti, which has just 
been cairted into effect by the present Emperor of the Fiench It docs not 
remedy all the defects introduced by the ncgligonoo of the first designers, though 
it goes a great way towards it, and gcucially speaking, it produces a giand and 
harmonious effect, even iiiespective ol all ornamental details, but the Place do 
Concorde is still too laige for the buildings that suiiound it, and unless it is 
broken up by some elections in its centre, these will always look low and ooin- 
paratively mean, while a judicious ornamental arrangement would add immensely 
to their beauty, and give them a digmty they do not now possess 

But, besides the ornamental disposition of masses, any one buildmg may be so 
oiivamentally airanged as to jiroduoe the best possible orohitootaral effect with- 
out ornament, or with only the smallest possible amount of applied dtooiation 
The Gothic architects were the gieat masteis m this depai-tmcnt of art, take, 
for instanoe, Solisbary Cathedral , the windows aro without mulhons, the but- 
tresses without pmnaoles, and with very few mouldings, while the walls aie 
singularly plam , yet, with all this, the nave, the two transepts, and the chon 
are so pleasingly arranged as to produce the hest effect If closely looked into, 
you will find that supposing the pioblem to bo given ol how to pioduee a vaulted 
hall of a certain height, coveiing a given area of flooi space, it would be liaidly 
possible to do it at less expense The butfa esses, foi example, on which the ex- 
ternal effect mainly depends, aie the most econoiiucal way of disposing of the 
quantity of mateiials leqmrcd foi the purposo, and the intersecting tiansepts 
the cheapest conceivable mode of roofing a great area of floor space, and at the 
same time of malung a small building look largo mtoinally as well as eitii 
nally Tfie Italian aichitocts, who neglected those expedients, used, m conso- 
quenoe, three or torn times the quantity of matoiial which the Gothic archi- 
tects employed In St Paul’s for mstanoo, one of the most mechanically perfect 
Of modern buildings, the area of^tho solids, as compaiod with the voids, is as 1 
to 6 , in St Peter’s as 1 to 4, m St Isaac’s and othei ohurches about the game, 
while m Salisbury, and in most eaily Medimval buildings, it is as 1 to 8, and m 
later Gothic buildings it may be quoted as generally 1 to 10, being m some m 
even a lower proportion than that 

In fact, when carefully studied, it will he found that evoiy Gothic building is 
made up of ingenious contrivances os purely mechamcal as the paits of a steaui- 
ongine or a spinning machine, and hairing a ccituin amount of supeiadded 
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oinament, as diiectly Titiktanan lu design Take for mstanco the huttrcssea on 
the south Bids of the nave of Westminstoi Abbey, nothing can be nioio piiielV 
mechanical than they aie, but nothing can nt the same time bo better adapted 
to resist the thrust of the vaults of the aisles and nave, lyhich, ofnng to the 
inteiposition of the cloistei, they could not appioach A modern oichitoct 
would probably have built a plain wall at right angles to the thrust, sloping 
slightly inwards, and thus have met the difficulties of the cose In so far a? 
expense of execution is concerned, the Medimval plan may be the moat so , to 
cut the stone of each aich into voussous and to put a moulding nndu each flying 
huttiess would piobably cost fiom 5 to 10 per cent moie than to build a plain 
wall, the amount of mateiials and tho height being the same in both cases , but 
to do the same amount of duty the wall m this instance would lequiro at least a 
thud moie mateiial, because its mass would bo neai its base, where theie was 
no woik to do, so that the ultimate expense would probably ho gieatei The 
real objection, arohitcotuially, to the modern system, is that tho wall would bo 
a hideous defoimity, tho buttiess a thing of beauty, because it is thoughtful 
and trutliful 

Theie is at the present dav a class of aiclntects among the youngei membeis 
of the piofession who, struck with the fact that tiuth is one of tho groat, pei- 
haps the greatest element of aichiteotuial beauty, cany this sjstem to excess 
In then churches, tho plain biickwoik is shewn mside as well as out, the tiiubei 
work of the loof is all shown, and not ai langcd symmetiically, but according to tho 
mechaiuoal exigencies of the case only In dwelling houses the timheis of tho 
drawmg-room roof aie equally exposed, ludelj sqiiaiod, the bolts and soiews all 
shown, the doors aie plain deal, the windows heavily timbered Notwithstanding 
all this, if the propoitions aie good, tlie light judiciously mtioduced, and you can 
trace the evidenoes of thought thiough tho design, tho effect is certainly pleasing 
and satisfaotoiy, because truthful , but these men are meie builders, not archi- 
teots To pioduoe an aiohitectmal effect a ceitaiii amount of symmetry is indis- 
pensable, as well as a ceitain amount of lefinement, combined with the greatest 
possible amount of meohamcal excellence. All these can ftequently be super- 
added without any material increase of coat, and when these aie conjoined with 
truth of design and oonstiuction, a verj peifeot aichitectmal eftcot may always 
he obtained, even without the addition of ornament. It is, however, quite a 
mistake to suiipose that rudeness can evei be a desirable quality m modem times, 
or that pioclaiming the fact that the mechaiuoal have overruled the artistic 
elements in a design, can evei be piodnctive of that expiession of beauty wo art 
aiming at in aielutectinal nit 

Ornamented Constbdotion 

The elements of construction in classio architecture are so simple, that they do 
net affoid striking illustiations of the piinciples of oinamented coustiuotion 
The base and capital of a column are of very httle construotne value, but the 
one gives apparent stabihtv to the shaft, the other seems to confer on it a powei 
of Buppoiting on entablatme, and both aie appiopnate foi then purposes, as may 
easily he tested by reveising their positions In hke mannei the division 
of the entablature into thiee parts — arohitiave, frieze, and eonuce — does not 
add to its stiength, hut does to its appeaiauce of stability, and the plain 
stiing lines of the aiohitrave help this consideiahly , the fneze, as the 
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neutial part in the centre, is goiieially the most ornamented, while tho coinicc, 
■which IS to crown all, and give shadow, is alwajs tho most biokcn, fiist, 
ht'cnuso a plain shadow is always heavy, nhile a hioken shadoiv is sparkling, 
and secondly, hecanse the cornice, having nothing to support, is tho part of 
in 01 del that maj he most playfully tioatcd 
In the classical orders every oinamont is appiopiiato to tho uso of tho pnit to 
which it 13 applied, and is elegant in itself, so that all the rogmsitcs of good 
arohiteotuie aie satisfied, and the result has commanded tho approval of all 
succeeding geneiations If you analyse in tho same way the oinnmonts of any 
Gothio bmlding, you will see that their architects followed out pieoisely the some 
system, take, foi instance, the vaulting shaft which appears to support the 
spiinging of the vault in all tho stone roofed churches, you know that it is of no 
more use than the toms of a classic base, oi the foliage of a Corinthian capital, 
but take it away, and it immediately appeals as if the vault would slip down the 
wall , sometimes it lests on a hold biacket, at otheis on the capital of tho main 
pillars, and in latoi times was hiought dovvn to the flooi, but it wos always felt 
to be so beautiful and so essential an ornament that it was 1013 seldom dispensed 
with Oiiginally, the great cuculai pillars that supported tho mam walls of 
tho building weio oinamented, as m Westminster Abbey, by fern such shafts, 
one iiointmg to the main vault of the nave, another to that of tho aisles, and two 
moi 0 which appeared to cai ry the mouldings of the pier arch These af toi wai ds 

wele multiphed to a veiy gicat evtent, but never lost then appaient meaning, 
and thus letoiiied tho oharaotoustio of good aichitoctuial ornament Ineaily 
times they always had capitals, and lightly so, bocause in spite of tho practioo of 
later aichiteots, the change fiom a stiaight line to a omvod one ought always to 
bo maikod 111 good aiohitectme, and om seldom be maiked too strongly Instead 
of doing this by mass, which is the most obvious mode, the Gothio architects 
aooomplished It by shaiply maiked and decplv cut mouldings, and again, fio- 
qiiently made then shadows still inoie pnoiiiiucnt and spaiklmg by partially 
filling the hollows with ioliago If we turn to tho vaulting ot a Gothic 
cathedral, we again find it constiuctcd oiipiccistl3 tho same piinciples A 11b, 
especially on the angle of an mteisoctiiig vault, is a puicly mcchinic il nc‘ccs-,it3 , 
hut It may ho built flush with tho lace of the v ault 01 ma} be concealed Tho 
Gothic aioliitccts, on tho contiaiy, took caio to displa} it so as to give tho 
appeaiaiioc as well as tlie loahty of sliongth , they then aocentiiatod it by deep 
mouldings and sharp angles, to give it an appeoianco of power fai gicatoi than 
if it had been eithei simply squaie 01 lound Aftoiwaids they weie so pleased 
With the ofieot of these iibs that — in this oountiy especially — they spread them 
all ovci the vaults in the most complex and vaiied piitcins, they tied them 
together at then intcisootions vvnth bosses, and lancd then dimensions with the 
lelative quantity of woik they were supjposcd to be pioifoiming All tins v as 
perfectly legitimate, for though no one supposes that all these iibs aie leady 
mechanically essential to coHstiuetion, the mind nevei diavvs the lino too closely 
hotween use and ornament, it is satisfied when the oinameut is based on 
ineohanioal principles, and used vvhoic it may he, 01 might have been, mechani' 
rally coireot, or even wheie it suggests such a purpose On the other hand, -wo 
are always pleased with a great display of lahoui and ingenuity, and when 
elegance is added to this ekhoiatioa, success is eeitain 
It W'ould be easy, though I fear tedious, to go on analysing all the parts of 
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Gothic oinamentation , tlie endows mtli tlieii mnlhons, the Irnttrc'*.!!. with 
thmr pinnacles, the towoit. and steeples All ohty the samo laws , all aio based 
on mechanical eMgencics, hut these aie made guiduiillj to jicld u pait at least 
of thp'i domanda to oinnnientftl aiinngemtnt, flud bniilll details at Inst tre- 
qntntlv merge into meie oinamcnts, but lu good aiclutLChirt they are never 
employed eicept vilicie then pioloplast viould have been useful or vvhtre they 
do not at least suggest that they may onginalh hnc done good const nietno 
Tvoih IVhen this is the case iro haic no light to enquiu too mmutd} ivhetlior 
this IS absolutely true oi not But if n single oiuamcnt la nsed, where under no 
cuoumstance it could have been useful, its employment is w long, and it executed 
in auy mateiial wliidi could not coustinetitely Le employ til loi that puiyioso it 
IS espooially offensive In a low woids, the best aichitcctinal oinamcnt is that 
which most clearly expiossts the puiposo and tho consti action of llie building, 
01 of that part of the building to which it is apjihed, and it appionohcs jieifte- 
tiOE in the latio la which it is elegant in itself and pleasing to contemplate, 
iirespeotive of its Diohitectmal position and its power of construotive osi>ressioa. 

fThe Gothic instances above quoted aie, perhaps, tho host examples of how 
little oinamont is really lequned for architectuial effect, and in many of tho 
Mediffival buildings— those devoted to domestic uses cspeoially — ^the amount 
ef oinament is hequently so small as not to incieaso the expense 1 or 2 per 
cent , while tho result is most satisfactoiy 
The cucumstanees, that genciolly lead modern ntchitects into extravagance, 
n c ll al i.’blcui of tii't’i ii I is*uii 1 toil and h'vdv of Lim, thev attempt (o 
disguise the 1 I ii’d' igb in , ilir il v^k oi 'l„d' i \iil co-,umc , a id tlio m in cut 
lluN r'l'in"! till-, ihci p'ungo 1 'to i'i<ongiu’‘ics 1 o.i v.bvh 11. ej c.iii onlj 
t'viiic.i'o ihenibLivi' « gw it t\])cu«’C ind by u-iug oinimoiu to conceal 
thin V "il nt ill ij.hi,a il turn, hoping to ds*' w< uitcui on fiomtlu 1 i!=oho id 
tlic\ IK iifipi ti i ly lime rrt so lo'- liidht'il b.uldiig^ m mcnlcin tunus 
tha’ ’t IS dolicait lo get examples to illi'hato tIu'O p>o,)osilio i-, but *wi, chibb 
in Pall Hull — the Il'doim and tlii. Vim\ .in i Vuvv— mil -uflice Jiu piesont 
inupnm.s Tin loin ci lias >io oruimeul bu( a coiiioo uuich would h'uc 
hem bettii iC Ic-i c\pci->iM', ri’ghtlv oir-nintcd 'Inng cniasos juvhiug 
the fiooi-, tnd (lic«siiig3 .0 the wuidovs, all tins is pcUcctlj legilimato and 
would hiM- been ample hod it bwiiCLompanKil bi a noic cin.inicutai aniuigo- 
tnent of tbo buildmg , unfortunately, however, its arohiteot—thougb more hee 
than most of his compeers ftom the vice of copying — was haunted by tho idea of 
the Farnese Palace at Home, while trying to accommodate tho wonts of the Ee- 
formeis in London, and ho has, consequently, produced a building too gloomy 
for tho climate, and especially for the noi thorn ospeot of its pnnoipal facade 
Even a shght grouping of tho wmdows would have done a gieat deal foi it, as 
may he seen by observing how much that has improved the westein fiont 
towards the Carlton, oi how beautiful the gaiden hont of the Tiavelleis’ Club 
is, simply in consequence of the windows being grouped omamoatally , and this 
latter, with the smallest amount of oraamenfc, has produced one of the most beau- 
tiful facades m London The Army and hfavy, on the eontraiy, is covoied With 
jnopt expensive ornament, a great deal of it good in itself, but utteily inappro- 
priate to the place and tho climate, and only tolerated because a palace m this 
style was erected lu Italy in the 16th ocntuiy , hut theie is no evidence of design 
In the building, no accentuation of the angles, nothing to tell of the internal 
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arrangements In fact, a most unsatisfactoiy result for an enormous outlav But 
this IS by no means the ivoist foim of the boiiomng system Take, for instance, 
Univeisity College, London Hero is a great poitico, beautiful ui itself, but 
at the top of a stancase no one goes up, and leading to a door that won’t oi 
can’t open But having put the portico theie the -whole building is saeiificcd to 
it The wings are plain and quiet enough, but it would have been an imnii iiso 
convenience to have had a thud story It would have giv eii dignity to the 
building, and afforded immensely incieased accommodation at less e-s.ponse than 
by any other means , but because there was (i poi tico this hocamo impossible , 
so that not only have we the direct expense of bmlduig the useless poitico, but 
the indirect result of being debarred from using the most obvious means of 
obtaining the accommodation we requue In like manner, the portico of the 
British Museum may not have cost more than £o0,000, but it has caused the 
waste of half a million, and half the funds of the Fit/wilham Trustees were 
wasted on a portico, the only use of which was to ruin the building for the piu- 
poses for which it was intended lu like manuci one architect proposes that a 
nobleman’s or gentleman’s mansion in the countiy shall look like a Mtditcval 
Fortalice , another, that it shall be a Gothic Abbey , a third, a Tudor Manor- 
house It 13 the useless towers and pinnacles, the niullioned windows, and all 
the concomitant deceptions that are the gieat cause of espease ns well as of 
inoobvenienoe It is this absnrd system whioh has brought discredit on archi- 
tecture , hut if only a very small fiaction of the money wasted on these very 
unsatisfactory esoiescences had been applied to expiesstlie meaning of any caa'c- 
fuUy thOught-out and purpose-hke design, to accentuate its construction, to 
enliven its faQade, or to lefine its more utilitarian parts, the result would have 
been widely ififeient But the melancholy truth is— it is so easy to borrow, it 
IS so troublesome to think 'When wo have Gothic and Gioeian details all ready 
made to our hands, why must we set to work to invent now ones, and to think 
about every detail P "V^ile we ha\ o books which enable us to make up a design 
without thought or nsk of responsihihtj , why should wo be forced to try and 



always must tail in future 
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There is only one other pomt which I shall haSre time to dilate on now, and 
that is the influence which the materials empioyodkmght to have in regulating 
a design Taking bnok, stone, and granite, as the thiee degrees of compa- 
rison, it fieqnently occurs that an architect is, from the nature of the locality, 
restiicted to one or the other, and whon this is the cose it is a fatal mistake not 
to accept the condition promptly, and to try to do the best he can with the 
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matcual at lua command In doing this, ho^\ c-s er, it must ho homo in miiul 
that a design smtahlc foi one class of matciml is, m fact, uiismtahle foi inv 
othei , with buck, tor instance, it is almost impossible to obtain niij thing hki 
graudeui, at least, if there are openings in it , a great solid bastion oi tou rt ol 
buck may bo gi and, becauso we lose the moteiml m tho mass, but tho iiwmoiit 
it IS pieicod 01 broken up, we sea how small the mateiinl is, and that clfcet is 
lost This IS, however, no leason against its cmploj'-ment iii architectuu, it is 
only a loason for treating it lu confoimity with its natiiie, the consequence is, 
that a buck building can haidly he too much Inokcn into small pints, oi too 
oaiofully accentuated at the angles, oi nhoieyei strength is roqiiiied, oi too 
much fitted with disoliarging aicbes or othci expedients to express sticiigtli of 
constiuetiou Colonied bucks may also be used to accentuate aichos and to 
inaik stiing coinses, and moulded bneks, oi Tetra Cotta, to oinament mouldings 
01 ooimces 

The fiist class~or aecontnation by construction — was laigely employed by 
the Romans, and the result is that some of theu buck buildings look almost as 
monumental as if of granite The lost — by mouldings and colour — is laigely 
employed in the north of Italy, and the result is the pioduction of buildings as 
artistically architectural as any in stone, oi even of maible, and quite as dm able 
as eithei , but it must not be concealed that when so used it is very nearly, it 
not quite, as expensive as stone, and lequues an amount of thought and skill on 
the part of those employing it, which theie is little hope of finding in tho pi osent 
(lay Geneially speaking, it may be asseited, that m almost any locality, iii 
Gi eat Britain at least, the moment you pass a veiy low quality of design, a 
bettor architectural effect may be obtained for the same expense by the dmploy- 
nvent of stone than by the use of buck Tho stone itself gives a ceitaiu arohi- 
teetiiial ohaiaotei to the building, and requires veiy much less ornament. 

When buck must be employed, the first aim of the aichiteet ought to ho to 
stiengthen, to got lud in fact, as far as ho legitimately can, of the inheient 
defect of smallness, and consequent apparent weakness in the niatoiial ho is 
employing The employment of tiles in formmg arches, as done by the 
Romans, IS one of the most obvious expedients foi this pmpose, but leitioal 
piojQOtions and reieals may also do much Hoiizontal projections aie not so 
easy with so small a matenal, but something may be done by n change in 
colour , and if moulded oi ornamented biieka are not available, oi too expensive, 
a string oouiso of darkei colour wiE assist, though it must be confessed that a verj 
cl nfit n.’0)''('t 0” wiP do mo-^p 

A\ 1 (1. Slone 1' on plmi 1 (-p.s ills il it la ol hgl'l co’oui ah ‘no rc i iTcl 
Hull ri’iij be ci-jlv o/laiK.l bi p’ocehcim and thus sh' Jou and oii.i.u ^ 
e II 1 1 si. ns hr uhhu to *h( c\ .±ii p.i I'lod bi th" .tiki I I'le 1 -poe.d gt I e 
.1 (.1 'rc Ci '"ii'c 1 'ililoni iic'-d foi doiic'-Di, pur o-.i.i, ss an ci'qdisc cJ u 
C'm ii'ii'i^ il I inuot b" kit tie phino' loo^'-oul g>( >."'1 i in' i 
nies 11 111 heid.i'H and 11 II'C m g iL ilss.iss to bo loll to ill rh."! u. i r 
llhi'i V , lui s(d n .Mu'k'i sti 1 lurLs, -li'l - pii eiic=s en 1 nm-' iii. i oil,,LI > 
i.ii atur"- <Uc ou line of ti •' in.i’s and ikc cc'igii of ih me i.'ings oi o i i- 
ments , oi these last, howevei, there can hardly he too little 

Of late yearn it has been the fashion to ciy out ogamst stucco, and to pioclaim 
that it should neyei he used la external nachitectuio This, howesoi, is haidly 
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just, a stuccoed Giecn.ii poitico of colossal dimensions, oi a stuccoed gothic 
cathcdial, oi oven paiisli chuich, a stuccoed palace, oi college quadianglo, aie 
abominations it 13 tiuc , nil these aspiio to ho momiineutal, dmablo buddings, 
in tliG erection of iiliich es-poiise is not a piiinaiy elcinont, and the use of so 
perishable a ninteiial is a mistuLo and a sham , but stucco applied to the o\- 
teiiial ivalls of buck dwelling houses is not only a leasoiiuhlo means of keeping 
these walls diy, but adds to the lightness and cheeifulness of their aspect, and 
also allows of an amount of ornament being applied which would bo iinnttiiin- 
ablc under othei ciicumstanees in consequence of the oipcnse The only rule to 
goi ern its application is that it shall bo avowedly stucco, and shall not attempt 
to look like gi unite oi stone, nor shall pi etend to monumental forms, oi attempt 
to look as if designed to last foi evei With these restrictions its use is as legi- 
timate as that of any otliei material, jiiovided a moia durable one cannot he 
attained, oi the moans me not otheiwise available foi obtaining a suitably 
decorative cbaiactci 

Theie is a class of monuments, such as triumphal aichways, columns, tombs, 
fiuO , to which I have not alluded in the above lomaiks, paitly because they aie 
not such as would interest you especially, and moic because it would take long 
to explain then peeuhoiities All of these which we use weio invented by the 
Romans, who, though wondeiful builders, weie voiy indiffeient aichiteots They 
took a city gateway, for mstance, and by the piocess described above, flist 
ananged its paits ornamentally, and then oinamented it till, fiom an object of 
onginecung, it became a woik of aichitecture So far they yeie nghtj but 
W'lieii they detached it fi.om the wall and stuck it up wheie no one need, and 
few did go thiough it, then it became an absurdity, So, too, with then 
columns What Trajan wanted was a placeon which to engrave a recoid of his 
exploits, so he took a column, covered it with has reliefs, and placed it in the 
ccntie of a small couit with galleiies all round fiom which they could be casih 
seen, all this was tolei ably icasonablo The absurdity arises when we copy 
without understanding, and stick up plain columns foi no puiposa except 
to place a statue where it cannot be setn, oi archways which no one may go 
thi ough Even the Aic de TEtoilo at Pans, which is, perhaps, the best modem 
example of its class, would have been a fai ftnei monument if it had oontamed 
a Hall of Victory in its centie instead of being pieiced by an unmeaning aich 
All this meiely bung us hack to the point fiom winch we started If you wish 
to do what is to be pennanently good and satisfactory, first design yoiu building 
wholly with lefoicnco to the purposes for which it is to be elected, or the uses 
to which it IS to be applied , secondly, arrange the paits so obtained as orna- 
mentally and symmetiioally as can bo done without inteifeimg with the pur- 
poses of the (building , thiidly, ornament the parts so arranged to such an 
extent as the natuio of the building requues, or as the means at your disposal 
will admit of, and, lastly, let file ornaments he appiopnate to the building and 
to the age m which it is elected 

If these rules aie attended to, it will not ho easy to go wrong, and good aichi- 
tectme may he attained at a very slight cost indeed 

In conclusion, let me tiy if I can, by repeating in as few woids as possible 
what I have been saying, make myself more clearly undeistood. 
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The firat thing I ventured to insist upon ■wn'i, that tlieio vma two guat 
classes of human arts — the Phonetic, or those concoined ivith the utteinuco oi 
recoiding of speech, which is the exclusive piivilego of manliind , and tho 
Technic, or useful aits, which aie not so exclusiielj man’s property But 
•without insisting too much on. this, the gicat point foi us to rcmembei is, 
that these two famihes, or groups of aits, aie cultivated foi totally dilfuent 
purposes, and aim at totally diflfciont lesults Both are capable ot an Tcsthotic 
development — ^Prose and narrative can be elaboiated into eloquence or poetry, 
and every useful art into a fine art, without our evei being able to draw the line 
distinctly between the end of the piosaic or useful, and the beginning of the poetic 
or fine art A still more impoi taut point is, that thciets no afliiiit} oi connection 
between these two gioups as to then piocesses or principles, but that, while thus 
repudiating hei reputed sisteis, aichitecture takes her tiue position as the queen 
of the useful arts If not absolutely tho most important of these, sho can at 
least claim to he the most capable of mathetic expiession, and the only one that 
has hitheito been refl-ned into forms of permanent beauty, or has aimed at the 
attainment of grandeur or sublimity 

In Europe down to the 16th century, and in all other countries of the world 
do'wn nearly to the present day, this ait continued to be practised, and eveiy- 
•where with suocess, on the same principles which governed and still do govern 
the development of all the sister useful or technio arts At the Keformation, a 
new and extraneous pnnciple of imitation was superadded, and for three 
centuries we have been labouung undei the delusion that it was noithci soienoo 
that advanced the art, noi truth that reudeied its production ploasuig, but some 
strange notion that it would be boantihil if it could only be made to look like 
something it was not, or with which it had only some veiy slendei connection 
What IS now wanted to restore the art to its piistine pre-eminence is a rotmn to 
those simple principles, which guided the architects of Egypt, India, Greece, 
Eome, or the Middle Ages, and which are identical with those that now gmde our 
shipbuildeis, or maohine or engine makers, or the engineers who const! uct our 
bridges or our forts There is absolutely no mystery about it, all that is 
required is strict and nndivnded attention, first to convenience, next to oonstnio- 
tive neoessanes, then to tho ornamental or harmonious ariangoraent of tho parts, 
and lastly, when it can be afforded, to their ornamentation 

In the present state of the art, it may require moie thought and self-negation 
to succeed by this path, than by following the fashion of somle copymg j hut 
by the one path oeitain success may bo easily and permanently obtained by even 
the most moderate abihtios, while by the other path, no genius will enable any 
man to eieot a building which wiU be considered successful many yoais aftei its 
cpmpletion This may appeal a daring aaseition, but it is justified by the expe- 
rience of 4,000 years, durmg which the first path, was followed by all tho nations 
of the earth with uniform success, and by the o-^cnonoe of the last 400 years, 
during which the other process has been cultivated, and you yourselves can 
judge how far during it men bare succeeded in attaining what they sought for. 
Taking into consideration the amount of money spent, the amount of talent 
employed, and the amount of knowledge available, the result has been the most 
complete and lamentable failure in the aitistic histoiy of the world 
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ON THE DRESS OF SOLDIERS 
Br GENERAL SIR J F BURGOYNE, Baht , G C B , I G E. 


Of tho dements -which, contnhute to the poifcct composition of that artistic 
hemj', a good soldici, some liaio natuiallj attinctod moio notice than otlieis, 
and it may he said that some havo obtoined less systematic attention than they 
dcseived, among those, I think -wo may luclado, till iMthin the last few jeais, 
the clothing 

Wo ha\o now, in the clotJnng branch of the Wai Dopaitmont, with its 
■worlang and inspecting establishment at Pimlico, an admirable oigamzation 
for seeing ]U8tice done to the public and to the soldiei , whatever lemarks then 
may bo made in this papei, must be oonsideicd as in aid of the working pf that 
estabhshment, and not -with tho object of ciiticising any of our piesont airango- 
ments 

The qualities to bo sought foi m the soldiers’ dicss, placed m the older pf 
their lelatiTO value, will be — 

1 Utility 

2 Comfoit 

3 Economy 

4 Appearance 

And yet, it is the last that foimeily obtained by fai tho gioatest, if not tho only 
influence, and of this it may bo doubted whcthei wo do not still lotainsomo 
piejudicial lemains 

Marshal Sav.o declared that the succlss ot a campaign depended more upon 
the legs than tho arms of tho soldier , and the Duke of Wellington, on being 
asked what was the best loquisito a soldier could be provided with, replied, — 
“ A good pair of shoes” What tho second? “A spaie pan of good shoos” 
YVTiat the third P “ A spare sot of soles May we not then assume, that the 
quality of his shoos hcais a greater piopoitioii in value, as oompmod even with 
the weapons with which ho is aimed, than would usually bo eoiisidoiod the ease 

Sii Francis Head, who is well known foi original and valuable obsoi rations 
on many practical matters, wiite« — 

“ In the yeai 1820, when I had occasion to walk a gieat deal, m shooting, I 
felt, rather than discovered that fashion had prescribed two fomidas for cover- 
ing the human foot, as follows , 

1 Let r ho the hieadth of a man’s foot Then let x minus 1 be the bieadth 

of his shoe ’ 

2 Tho hum, in foot being eiooked, mako the shoe shazght ' 
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Theiesultof these two fallacies pioducod corns, and made a ninu fout&ou-, 
especially when carrying a load of game foi a day oi two, and afo) itoi i, wh( n 
cariying a musket, aininumtion, and a knapsack, for weeks 
The lemedy was obvious, to give tlio shoo the bicadth ,ind tiuat ot the foot 
To effect this, I tiod witli my whole weight on a sheet of white p ipoi, tiaccd 
on it the breadth and twist of my foot, had a last made thorehoni, and the lo- 
snlt was the diffeionco,in walking, hotween puigntoiy and paradise I induced 
many others to try it, and all with the same satisfnctoiy oflect 

I have always thought that tho sj stem would be poculiaily valuable to the 
army, whose profession it is not only to walk, but to cany weight, and to whom 
being footsoia on a letieat hequeutly lesults in captuic oi death ” 

As regal da the act of maiching,he adds, “ wa dull our soldiois (as well as oui 
chddien) to stand and walk with then toes turned out j and acooidmglj, in the 
forests of America, tho red Indian sneois as he points to the foutinuks of the 
white man, which aie always strangely and stiougly contrasted with his own 
Tlie red man nevei turns his toes out, and accoidingly in the snow, m the sand, 
or m the mud, the oontrast is thus, — 

Tiaok of the foet of Tiaok of tho feet of 

the red man tho white man 

I \ 

I / 

Now, at a glance, you will pjorceive tho immense meohanioal advantage of tho 
red man's gait, as compared with tho meolianical disadvantage of the white 
man’s gait The action of walking is a continuous movement from the heel to 
the e’ctromity of the gieat toe, which is made hig by nature to give sp nng^tmj ,^^ 
elasticity to each step Tho white man (by turmilg his toss out) thiowflTIns 
simple mechanism out of geai , and though the attitude is said to be moio 
elegant, (which it is not), yet, m the long run, or in a long march, ospeoially 
when he carries weight, the white man’s feet get distressed, while the rod man’s 
feet, protected by mocoasms, which do not diatoit his great toes, eoutmue fiesh 
Our soldiers should, therefore, be dullod to stand and raaich like the led Indian, 
wdtii thoiT feet pointing stiaight befoie them The heel of the shoe should not 
he raised, as it is, foi leal comfoit, and to enable the foet to do then maximum 
of work Tho laised heel of a shoe throws the weight of the body, pack, 
musket, and ammunition of the soldier nnseieiitilically on tho toes, which ore 
meant for spring, instead of on the heel, which is meant to hear the weight 
The elevated heel is a cheat, to make a man appear thiee-q^uarters of an moh 
toller than he is , but what he gams in height he loses in powei of walking ” 

Ml Howlett, (Royal Engmeei branch of the War Oflice), m 1856, advocated 
Similar principles on similar reasonings, as prmtodinNos 1717 and 1735 of 
tlie Mechanic’s Magazine, to which he added two othois, — one, without object- 
ing to the raised heel, to round it off m the original make of tho shoe, m tho 
manner it always weais in use, and the othei, to curve the soles slightly up at 
tho toes, so as m walking, to avoid so much of the jomt and oi casing of the 
upper leather 

Among the hints that may be gamed on the caie of shoes, it has been ob- 
served in some Works, that it zs a common piactice with Fienah spldiois to 
foi ego the use Of stockings in heavy maiches, and to piociuo the best fitting 
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ainl mof,t taay shoos they can, these tliey keep not simply gi eased, hut 
thoioiighly soaked m grease, — a system, which they say mil, moio than any 
othoi, pi event then being galled or bocoimiig footsoie 

Another most admiuibla piotection foi the foot, is the Spanish Alpmgata, oi 
sandal the foot is wiappeil in linen or cloth , and for the tread, a solo of a pai- 
tieiilar Icind ot lusli is made oi cut to shape, and fastened louud the instep and 
ankle as a sandal It is very goneinlly used by the soldieis, as well as by the 
people of the country, in Spain, and on it they tiavol and march giont distances 
mthout inconvenienoe , but it tronld no doubt be difficult to imitate The 
people m Spam aie brought up to it &om eaily days, and thoioughly nndei- 
stnnd how to adjust it for all occasions , and theie may be something in the 
natuio of the country, that may moke it suitable theio, though not elsewhere 

After the shoos, the gieat coat mil be the next consideiation, and perhaps 
capes 01 hoods, neither of which are howoiei pionded foi Biitish soldieis The 
hoods are admnable aiticlos foi comfoit, uudei many cuouinstauces , but there 
may bo some doubt whethei they would not too much impaii the hoaiing, the 
sight, and oonsequoiitly altogothci the vigilance and efficiency of the sentinel on 
duty As appearance is of little oi no consideration with legaid to shoes or 
great coats, theio will be less difficulty in obtaining the best attention for those 
two items 

With regaid to oomfoit m the different arholea of dress, a useful lesson may 
ho imbibed ftom the evpeneneo of the seivico in tho Cnmea, wheie, duimg the 
muter of 1864-53, tho ti oops, under considerable haidships, were allowed to 
take certain hberties , and it might be observed that one of the flist eveioisos 
they made of this httle freedom was that the stiff stock and tho soliako weio 
very generally abandoned for a pliant neck tie and tlio foi aging cap This 
naturally leads to the leflection, whether something of the nature of those sub- 
stitutes could not be adopted, if not at all times, at least for a recognised erpup- 
ment foi real, active aervico 

The Russian infantry, in that campaign, wore almost, if not entirely, in grey 
great ooats and a voiy low cloth cap, partly, it is piesumed, for economy, and 
paitly for comfoit, and yet they always looked like thoiongh good soldiers, well 
cared for, and oei tamly they were never to he despised 

National tosto and national pride may lead to retaining the groat shaggy 
grennd'er caps, and the kilts and caps of the Highland regiments, for ordinary 
peace paiade and show, but they might be dispensed with for something moie 
appropriate in campaigning, and not even be allowed to encumber the baggage 
or stores that accompany the army 

There is a eircumstanee worth remarking, and one -which raises a presumption 
of the unfitness of the present foim of diess, for some of the duties requned of 
the soldier, that when recruits aie at any desciiption of drill which lequires the 
full play of their arms, the piqjiminary word of command is to remove tho 
■waistbelt and to unbutton the coat The leasou of this injunction is that the 
men cannot raise their aims above then heads while the coat is closely confined 
round the waist by a belt they are, m tact, in a modified foim of strait waistcoat , 
and yet, it is easy to conceive many operations in war (such as the assault of 
breaches and escalade of woiks, -when tho men have to ammount obstacles and 
to climb laddois), when they must raise their arms aheve then heads to perform 
the worS requued Oi thorn. 
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Some uregulai tioops, such as those led by Gaiihahh, and boiuo of out uwii 
volunleeis, have oveicome the difficulty pitsenfcd to tho fico use ol tho anus 
hy the -waistbolt and tight tninc, hj substituting foi tho latter a species of loose 
■woollen shut, as a poition of this gaimcnt is allo-wed to hang ficely about the 
hips, it alfoids sufficient play to tho aims, even when tho ivaistbelt is letnued 
It IS piobablc, hoTvevci, that it would be consideicd too fiee and cosy a stj le of 
dress foi logular tioops 

That tho difficulty of combining a soldicilike and smart looking diess irith 
the flee use of the hinhs is not insurmountable, is pioved by the well-known 
dress of tho soldieis of the period of tho Civil ais, in -nhieh the crossbelts and 
buff jeikius afford no obstacle to tho fieo uso of tho aims in any dueetion 
Alloiving foi the diffeience of thomateiial employed, and tho objects sought for, 
the diess approximates voiy closely to that worn in tlio pioscnt day by om 
sportsmen, and what gentleman in his senses would go out shooting m a tight 
tunic and waistbolt P Tho fashion of modein dress following our soldiers into 
tho ormy led to the universal adoption of trousers in place of knee breeches , but 
it may be doubted whothei our men did not suffer by tho exchange Trouseis, 
if made sufficiently loose, certainly give gioat fieedom to the hmbs, though oven 
m that paitioular, they aie surpassed by the Dutch oi Zouave breeches , but 
they possess a serious disadvantage, inasmuch as one portion of the garment, 
VIZ , that -whioli extends fiom tho knee to tho foot, has more than its fau share 
of worn and teai thiown upon it, m marching, collects all the mud and dust , 
and in operations in the bush and jungle must bo aomobimes torn into shieds, 
besides offeiing no protection to the leg It -would theiefore appear both 
advantageous and economical to aepaiate the oovenng foi the lower hmbs into 
two parts at the knee This would do away -with the necessity of carrying a 
second pair of tiousers into the field, a second pan of goiters bemg substituted 
fpi them! and a gieat additional comfort would be offoided to tho soldier hy 
this airaugoment, if the gaiters for summer weai weio made of strong linen, as 
IS heheved. to ho the case with some of those in use in the Pienoh army In 
alludmg to the Dutch and Zouave breeches, it is not meant that the extieme 
fubess given to them is at all necessoiy oi advisable 

Very much connected with the dress of the soldier is the kit that he is to 
carry 

One great meiit of a thoiougli good soldiei , is to strive to keep himself stiong 
and healthy, and to avoid going into hospital this is so much tho case that it 
is doubtful whethei the tune ho is m hospital should not be more systematically 
recoided against each, m the pciiodical i etui ns, as on index of moral oi physical 
defect for the seiiuce At all events, the endeavoni to take care of hunsell is a 
most valuable quahty, aud greatly to be enoouiaged 

Now, on that principle, it may be always observed in the field, that the best 
soldieis caiuy the laigest kits by a httle early spiut and exeitioa, they become 
ooouatomod to the extra load, and the peiiod of actual maiching is so small, as 
compared with that of thou bemg stationary, that they find the balance gieatly 
in favour of having with them as many comfoits as they oan Here again tho 
Drench soldiers show very favourably, for they usually oaiiy very large kits 
As examples of what soldieis will do nndci this oonsideiation, theie was a man 
111 one ot oui legimeiits, a shoemaltci by trade, who actually cained, throughout 
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aG\oial campaigns m the Pciunsnla, a favonute lapstonc ' Anothei liacl a small 
dog, which in wet or in long maiohes, he fiequently canned in a httle receptacle 
ha had contrived on the top of his knapsack 

As a mattei of dress, the uniform is not only the distinctive mark of the sol- 
dier, and tends to give him a becoming piido in his position, hut it assists in 
collecting and keeping togothei the masses of lespeotive corps, and stimulates 
to pieoision and uniformity of exercise, besides rostiicting the aiticles to the 
quantity and form that are to he considered the most desuahle , therefore, uni- 
formity m elothmg is valuable, even mdependont of its attraction and show 
But as a special ingredient for the soldier, m that capacity alone, it is a costly 
and an additional and somewhat onerous chaige to those who, like the volun- 
teers, are, at all oidinary periods, soldiers only occasionally Arms, and cer- 
tam other mihtary equipments, must necessorilj he prepared exclusively foi the 
purpose, hut a great relief might be given to this luoonvemenoe in the article 
of clothing, by makmg the uiiifoim paitako more than it does of the dress of 
civilians, so as to he applicable to eithei 
In Great Butain, the shooting jacket of the gentleman and gamekeeper, and 
the hock coat of the aitizan, aio very much of the same character, oi they 
might bo so assimilated and ananged as to make a most convenient habit for 
any purpose of soldiering, or tor work or exeioise , adopting some uniform 
colour and pattom, — adding, if you please, a uniform button — uniformly coloured 
plain trousers, with a foraging cap, would constitute a thoioughly soldieilike 
uniform , while, at the same time, every item m it would be peifeotly service* 
able, and apphoablo for all the ordinary business and intoroourse of life 

There is no volunteer but is m a position to have a supeiior set of clothes for 
Sundays and hohdays, and those he would use foi field days or estraoidmary 
paiades, while the others would be in every day weai , and by this system, the 
soldier clothing, though neat and unifoim, would, it may ho said, cost nothing 
I have one more point to adveit to, and that is the national ooloui of our 
unifoim Towaids the end of the last, or early m the present century, an 
inquiry was instituted as to the possible disadvantages of scarlet uniform 
in the field, in addition to that of tarnishing more quickly than others, 
a,nd it was shewn by trial, that not only was it much more readily seen 
and distinguished at a distance, but that in praetieo at targets of scarlet, as 
compared with others of dark colonis, (the men employed in firing not being at 
aU aware of the object of the tiials), the red, at the longer ranges in particular, 
, were more fiequently hit, and in a much gi eater piopoition than would he sup- 
posed hut the lesult was not tleemod sufficient to lead to the abandonment of 
the old national colour, in which we take so much piide 

Very recently, indeed, there has been a shewing of a contiaiy tendency, lu 
trials at Wimbledon, on “ a running man," or toiget in motion, — one side of 
winch was painted red, and the other grey On this occasion the giey man 
suffered most , hut as it was remarked that the red man moved from left to 
right, and the giey from right to left, every sportsman will be well aware why 
the latter would he under a great disadvantage Some alteiatioii in effect of 
colour is also produced, by the back giound to the object fired at, whether it bo 
the soil, or tiees, oi sky. 


J F. B, 



PAPER XV 


R L C E N T 

GUNNERY EXPERIMENTS UPON IRON ARMOUR. 

bt captain INGLIS, R E 


In last year’s Tolume of these Papers, -when ti eating tlio subject of the appli- 
cation of iron to defensive woiks, I gave a brief account of most of the oxpon- 
menta ivhioh had been made, up to June, 1862, upon non aimoui 
I propose now to give an outline of the pimcipal experiments made since that 
time, with, a few remarks upon their results 

This expeiiment was made at Shoobmyness to test the monts 
constiuction adopted in the Minotaur, and hei class of non 
clad steam frigates. 

In these ships the armour is in thick, instead of 4% in. as in the Warrior, 
but the thickness of the teak backing is reduced from 18 ui to 9 in — 9 in of 
teak bemg very neaily equivalent in weight to 1 in of wrought non The skin 
and ribs are the same as in the Wamor 
The target now used was therefore constincted on these principles, and pre- 
sented a front of three armour plates * one made by Mossis Brown, of Sheffield, 
measured 12 ft 6 in by 3 ft 4 m , another, made at the Thames lion Works, 
measured 9 ft by 3 ft 7in , and the third, made by Messrs Beale, measured 
the same as the first named 

Each plate was scoured by three lows of holts, the upper and lower rows bemg 
If in diameter, and the middle row in diametoi , aU hut a few of the bolts 
round the port passed thiongh the teak and skin 
The proportion of bolt to suxfaoo of the ship’s side was as ono bolt to about 
3J ft superficial , and the aggregate sectional aioa of bolt to a given area of 
surface was rathei greater than in the Wai i lor 
There were jnnctioh pieces, 1^ in thick, at the back of all the joints of the 
plates 

The guns used against this taiget were the l;2 ton Aimstiong muzalo loading 
gun, throwing sphencal 150-lb cast-iron and 162 lb wiought iron shot, with 
60 lb charges of powdei, the former having an initial velocity of 1,760 ft , and 
the latter of about 1,700ft pei second, and a service 68-pdr thiowing 67-lb. 
cast a,nd 71-lb wionght-iron shot with 16 lbs of powder — tlio cast shot haying 
an initial velocity of 1,580 fi , the wioUght-ii on about 1,830ft ppi second; all 
at 200 yaids lango 
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The flist 150 Ih cast shot stiuck the Thames lion Company’s plate and made 
a hole about a foot squaie through the annom and bedded itself deep in the 
teak Tho plate ivaa buckled eonsideiably, sevoial bolts woie stalled, two iibs 
Clacked, and the skin much bulged in four bolts weio biokon and a number of 
iivets 

Tho second 150 lb cast shot stiuLk tho Sheffield plate, made a holo 13 in by 
12 in in tho armour, and sent pieces of ainiom plate, shot, and teak, thiough a 
laigG iiiegulai holo in tho skm the aimoui plate was buckled, throe bolts 
biokon, and othei damage done 

Tho thud 150-lb cast shot stiuck Messrs Beale’s plate and did similar injury, 
making a hole tlirough e\ erything , the diametci of tho hole m the armoui 
being about 13 in , and m the skm about 1 ft 4 m by 2 tt 6 m 

The 162-lb wi ought-iron shot stuck m tho Thames Company’s plate, bueldmg 
it and bhakmg the whole target verj much indeed, two ribs were bioken and 
the backing ot the taigct veiy much displaced and injuxed At tins loimd the 
12 ton gun buiat, tlie bieech being blown, out some 30 yards to the loar, and, 
but foi this, no doubt, the target iv onld hai e suftoi od even more sevei oly 
The 71-lb wi ought -11 on shot made an mdent about ^-lu deep, but neither it 
nor the 68-lb east-uon shot did much other damage about 760 lbs weight of 
shot struck this target 

From this expeiiment it has been learnt that the powora of resistance of the 
Mmotaw are voiy inferior to those of the Wamoi 

This expeiiment was made with 68 lb solid seivioo shot, and 
tStetfby HO-lb Armstrong live shell With a bursting chaige of 8| Ihs of 

31 jui°''i86S* yaids The facing consisted of an mob plate 

^ with a hacking of 12 m of oak The indentation on the armour 

made by the solid shot was about Jid of what it would have been without the 
pioteotion of the facing, but the effect of the live shell m bloising away tho 
faouig was so destiuctivo as to render this constiuotion worse than useless, 
unless eonsideiably modified 

About this time some expoiiments were made to test the value of compressed 
millboard as a hackmg to aimour plates in comparison with teak, and tho lesult 
went to show that, weight for weight, tlio millboard offen a gieutei resistance 
to penotiation than teak 

Compressed millboaid weighs . . 54 lbs per cubic foot 

Teak .. . 46 lbs to 50 lbs 

After this, some compound targets, consisting of iron, coik, and india-iubber, 
and iron, wood, and layers of wire, wore tested m corapaiison with solid 
wronght-iron plates of equal weight pei foot superficial, and failed in establishing 
any supefiority in then i easting poweis 
It must be admitted that these experiments were on a very small scale, but 
the results woie too marked to admit of any doubt ns to the result m trials on a 
larger scale, 

Hotfliaiiisin n target used for this experiment was of the Warrw 

versus Warri^^ construotion (10 ft by 12 ft ) and consisted of three plates, made 
Parkliead foige, all 4§ in. thick, and varying fiom 12 ft. 
hySffc to 12 ft. by 3 ft. 4 in 
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As compaied with the plates used lu the original Waiuor taigct, tlieii qiinht\ 
was vei-y infonoi mdecd 

The weight of gun was 24 tons 3 qis 2 lbs , dianietei ot boie, 13 01 1 in , dm 
meter of shot, 12 8 m 

Itwosflist fired at 200 yards range, with q solid cast-iron shot ucighing 
279 lbs , and a charge of powder of 74 40 lbs , which gave an initial -volocity ot 
1,630 feet, reduced at 40 yards to about 1,610 ft pei second 
This shot completely pieiccd the taiget thiough and thiough, making an 
irregular hole in the armom about 2 ft squaie, and cracking hut not buckling 
it about 3 square feet of the skin were dmen in, two ribs weio completely 
smashed, and another one injuied, a number of bolts ivoie broken and staited, 
and a quantity of fragments of shot and sphntors weio sent to the rear 
The effect of this shot was so complete as to lendei any furthei expeiiment at 
200 yards quite unnecessary 

The gun was theiafore moved to a range of 800 yards, and a Solid shot of 
annealed cast-iron weighing 2651bs was fired at the same taiget, wuth the 
same Charge os before, givmg a terminal velocity of 1,300 ft 
The firing at this lange was by no means acemate, so that out of 4 shot filed 
on the second day only one gave a result worth reooiding, and even that giazied 
17 yards shoit It however did not lose by this any appreciable velocity 0i 
direction, and struck the target in the junction of two plates, breaking a laige 
hole about 2 ft square through the armour and burying itself m the timboi 
backing By this blow two iibs woie bioken thiough, and the skui cousideiably 
bulged, several bolts were broken and rivets diiveu out 
To show the mferior quality of the non m these aimour plates, a semoo cast- 
iron 68-pdr shot was fired at it, and it had the effect of making an indent of 
upwards of 4 m deep, with a number of cracks in and around it The indent 
made by a similar shot on the ongmal Warnor taiget was little more than 
2 m. deep 

The lesson learned then fiom these experiments seems to be this* — That, nt 
200 yards, the real Warrior ship would be completely pierced by the Hoiisfall 
shot) but that at 800 yaids, although inflicting very severe injuries upon her, 
the skin would not be penetrated by an mdividuol shot 
It may be worth noting that previous to these trials some seiioua looking flaws 
existed m the bora of this gun, but they underwent little or no apparent change 
during the five rounds fired from it 

Fonetration of These interesting trials weie made with a i2-pdr hroeoh- 
WMtsfortii pro- loader, 9f owt , a 70-pdi muzzle loader, 76 owt 2 qrs 14 lbs , 
, ani a 120-pdi muzzle-loader, 148 owt 3 qrs , all Whitworth 
isss guns 

The 12-pdr was fired at 200 yards with a sohd, homogeneous metal, cylin- 
dncal, flat-ended shot, weighing 12 lbs 1 oz , aM with a charge of 1 lb 14 ozs of 
powder (giving an mitial velocity of about 1,360 ft ), against a 2|-m plate with- 
out backing, through which it made a clean hole and fell 20 yai^ to the reai 
This gun was next fired at the same lange, with a shell of homogeneous metal 
weighing 12 lbs 2J ozs , with a charge of 1 lb 14 oz , and a bursting chaige of 
6 ozs, but no fuse, against a 2-in plate, with a backing of 12 in oftimbei j 
it passed thiough both plate and backing and buried itself in the earth beyond , 
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there as lio\ve-\ ei no ni)peaiancc of tho shell having biust in passing tliiougli 
the plate 

It mnj ho well hcio to evplnm, that the explosion of these shells iiithout 
fii/cs vias supposed hv Mi MHntwoith to ho due to the heat goiiDiated m the 
nietnl of the piujectile on impact, he ha\mg spcciiillj constiucted them with 
that Meiv, and luiMiig also piovided an aiinngcmcnt of flannels coveimg the 
hmsting chaigcs by evhioh he could goeeiii the time ol explosion , but Mhcthci 
the heat vas thus genoiatcd, or iiliethoi it was due to the violent fiiotioii ot the 
paiticles of powder among themsehea oi agamst othei substances, oi the sudden 
loss ol velocity in the piojectile, appeals a fur mattci of doubt Be this as it 
may, he ceitoinlj obtained some veiy satisfaetoiy, and, at that tune, unpiece- 
dciited lesiilta 

Iho next gun fired was the 70-pi , with a chaigo of 12 Ihs of powdoi, at 200 
vauls, and with a shell formed of similai inateual to the otliois, weighing 09 lbs , 
having a buuting chaigo of 21b3 6 07s , but without a tUAO The mitial v olocity 
of this shell was 1,275 ft , and the loss of velocity in 40 yards, about 10 ft pei 
second 

The taiget used on this occasion was made in the foira of a bos, with the 
object of putting to the test Mi Whitwoith’s boast, that ho could diive a shell 
through the side of an armour clad ship and make it huist between decks The 
ftont of the box was raadeof4-in armour on a 9-m backing of timbers the book 
of the box was of 2-in ormoui plate on 4 in of wood, and its sides were of 4-in 
timber, the cubical contents of the bos being about 35 ft 

The shell filed on this occasion, with an mitial velocity of 1,275 ft , passed 
completely thiough the 4-in umoui plate and its oak backing, and exploded 
On the real side of the box, the plate of which was mdented inches, buistiiig 
the box and blowing all six sides outwai ds 

The great success of tins and the 12 pr shell must of course be niaiuly 
attributed to tho superioi quality of metal in the shell, which admitted of its 
passing through so gieat a thickness ot non unbroken , preiuous expeiienco 
having presented no instance of a shell passing thiougli oven 1 in of non with- 
out bieakmg up, and 2 in of non having hitheito bioken oven solid shot ol steel 

Soon nftei this Mi Whitwoith followed up these expeiiments on a laigoi and 
moio impoitant scale by piaetico with the 120-pdi , at bOO yaids, agamst tho 
new Warner taigot 

In this tiial a solid homogeneous metal shot, weighing 129 lbs , was fi] ed with 
a 23 lb ohaige of powdei, giving a stiiking velocity of about 1,280 ft, and 
punched a clean hole through tho 4i-m ormoui, lodging itself in the timbci 
backing against tho skin, which was a good deal injuied , a iib picvioiislj 
cracked by the Hoisfall gun was now comxflctelj hioken ui two, and somo bolts 
gave way. 

A shell of homogeneous metal, weighing 127 lbs, with a buisting chaigo of 
3 lbs, 8 ozs , and without a fuze, was next fired at the same lange with a ohaige 
of 25lbs of powdei, giving a terminal velocity of about 1,263 ft 1 his shell 
went completely thiough ev ery thing, much to tho astonishment of eveiy one 
present. It apparently pcnctiated the armoui Without bieakmg up, and buist 
when in the act of passing thiough the timber backing, most likely when 
approaching the skin, as the diamotci of the hole m the skin was not moie than 
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13 m , and tliQ injiuy to the skiu’nas confined to this hole roitions ol flip 
shell and the piece of nmom xmiichcd out bi it mho ])ickLd iij' at Ujl lunk ol 
the tnigot , tho timhci baclving was of conisc vcij ninth sluittoicd, and one rili 
In okon 

Looking at the complctoncsa of the peiicti atioii in tins iiistiiiui’ it nniy bo 
fniily infciicd that this shell would lia\o gone clean thiongh this t'ligct lit nny 
lango up to as much as 1,000 yards) but it does not follow, nm do sulisuiucnt 
evpeiimonts prove, that it 'would hate done the siino to a taigtt toinpostd of 
armour equal in quality to that upon tho ical Wamo) ship 

Theso cvpciiraenta wcio made in coiitinnition of those last 
]Iuilc™*iiu”mul iccoid^ and with tlu same guns, uiidti the following cu- 
1401 ^ o\ isijj cumstances — 

A box taiget, piesenting n liont mcasmmg 12 ft by 9 ft 0 in , and h iving an 
mtenoi cubical space of 433 ft , was coiistiucted toi tho jiuiposo 

Tho ftont was a taigct composed ot tliicc aimoui platts on hacking, skm, and 
riba exactly representing the baclv.uig, skin, and iibs of the Wart wi The upper 
plate 'was 41 m , and was one of those which had been used on the ongiual 
Waawr target, thciefoio this poitiou coxicsiionded m eieij lespcutwith a 
ship of that class The tw o lowti plati s w oi t 5 m thick, t ikon fi oni the Samud i 
taiget, and theiefoie lopioacnted a ship's side stiongei and hcavioi than that of 
the Warrior by the dilfoicnco between i in of non and i in of teak, oi about 
18 lbs per foot supeificial 

The box was placed m fiont of the old Committee target, which thoiefoio 
formed its bacli, while the two sides, tho roof, and floor, iveie composed of 12-iu 
timbors, strongly bolted and secured 

Thopiinoipal object of tho trial was to maik the effect of the ‘Whitworth 
homogeneous metal shells constructed so as to be capable of holding laigei 
bmsting ohaiges than those used m September, and also to correct any toe 
unpiessions caused by tho veiy infoiioi quality of uon in the Warnor target 
used on those occasions 

Two flat-headed shells of homogeneous metal, weighing 161 lbs. each, with a 
buisting chaigs of olhs , without foics, fiicd at a langc of 800 yards, with a 
charge of 27 lbs of powdei, giving a velocity at 780 j aids of 1,176 it , penetrated 
into tbe box , tho one having punched a hole thiough the 4§-iii platOf tho 
other through the 6 m plato In each case they made a hole of 10 in diameter 
m the skin, carrying some sphnteis and fiagments into what may be callod tho 
hatween decks In the flist instance tho shell burst, evidently when passing 
through the timbei backing, or lather too soon In the second, it exploded 
rather lator and did somewhat more execution , but the effect, in both coses, 
resemhled that of a solid shot penetrating the target more than that ot a live shell 

A hollow cast iron flat-headed shot, wciglung 130 lbs , next stiuck one of the 
5 -hi plates, at a velocity of 1,200 ft , and made an indent of 2 3 in , bieahmg ono 
lib and mjunug some bolts and iivets Tho sb8t of conise bioke up, and showed 
the great si^ieuoiity over ordinary cast-uon of the metal used foi projectiles by 
Ml ‘Whitworth 

A flat headed shell of homogonoous metal, weighing ISO lbs , -with a buistmg 
cbaige of Olba, 8 oes , was also filed from the same gun, and struck a 6-in plate, 
at a velocity ot 1,210 ft It punched a hole through the armour, and burst in 
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breaking tbiougb tbe skin, m -which it made a laige iiiegiilai hob, cariying on 
some splinters and flagmonts of plate, akin, nvets, bolt heads, &e 

A solid 130 lb shot of the same metal and foim fiom this gun, at a -volocity 
of about 1,200 ft , stiuck a 5 m plate and -went clean thiough tho taigot, oai- 
lymg a quantity of fiagmeiits into tho box 
The Hinge at whith the aboie -weio filed was 600 yaids 
The 70-pdi guii ms iie-i.t fliod at the same taigot at 600 yaids A shell of 
homogeneous metal, -weighing 81 lbs , filed with a eliaigo of 13 lbs , and ha-ving 
a buisting charge of 3 lbs 12 ozs , stiuok a 4J-in plate at a velocity of 1,100 ft , 
and penetiated it, aftei-wnida bursting in the teak hacking which it injured veiy 
much The skin was not penetrated 

Another shell of the same kind bnist immediately on stuking a 6 in plate, m 
■which it punched a hole dj in deep, but had no efiect on the inside of the taiget 
Another shell, weighing 72i lbs , with a bnisting chaige of 2 lbs 10 ozs , 
penetiated a 4f-m aimonr plate, and buist in the -wood backing, but did no 
damage to the skin , and a bhnd shell, weighing "Olbs , stiiking -with a velocity 
of 1,140 ft , broke to pieces on a 5-in plate, aftci making an indent of 1 J in 
All these piojcctilos weio of homogeneous motal and flat headed 
The geueial result of these csperiments may be summed up in a few words 
Ml MTutwoith has, by the use of a superioi metal, pioduced shells which -will 
pcnotiate, without bieaking up, as much as 6 inches of armour and huist after- 
wards, but with ships of the TFa> nor doss, these shells would have no great 
effect in hoard, os, although the skin is biokcn thiough by tho explosion of the 
shells, in no ease have they been made to pass thiongh tho skin befoio explosion 
Wl it th lojeo aonio cylindiical fiat-headed 12-pdi shot, and 

Soils" blind shell of homogeneous metal and of common oast-iion, weio 
plates Nov , 18(,I of 200 yuds at 2i m plates, sloping hack at an 

angle of 4o°, the ehaige used being lilhs 
It is almost needless to say that the cast non shot hioko up and only made a 
slight indent 

The homogeneous metal shell and shot completely penetiated the plates and 
•woie almost uninjured themsehos 

It IS mteresting to notice hcio that tho fragments of the cnst-iion shot, when 
picked up afteiwaids, -ucie too hot to be handled, while the homogeneous metal 
projectiles woio quite cool 

gtqf iiotvar object of this experiment was to asoertam the diffeience of 

in/inVciffiillinii effect between oofit-iron shot from 68-pdis and 110 pdrs , stiiking 
equal lui r/ln plates at such Velocities as would make TTe’ equal in each 

For this puipose the following -wore used — 

The 68-pdi threw a fiG-lb shot, with a charge of 10 lbs of powder, at a 
■velocity, at 200 yaids, of 1,,367 

The 110-pdr threw a shot of llOi lbs , with a charge of 11 J lbs , at a velocity 
of 1,008 ft , and the same gun thicw a shot of 200 lbs , with a charge of 1 1 lbs , 
at a velocity of 786 it 

The plates fired at weie 3-in , 3i-in , 4i-in and 6| in 

It was difficult to maik the gcuoial lesult of this exporinieiit, but the deepest 
indent yiASs decidedly made by tho 68 pdr , and the least indent by the 200-lb 
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shot, all tho shot of com so broke up, and, but for the differ once oi woik thus 
consumed, tlieie is little loom to doubt tint the total tffcct pioduccd upon the 
pilatcs ivould haie been equal foi all thiec shot, local and elcaih iiiaiktd with 
the hghtei shot and higher velocity, moio gcneial and less dthned with tho 
othoi shot, but, as is stated aboio, the lesult was somewhat Ob'-cine 

j The 110-pdi Arrastiong gun was made to file on this otcision 
\ ™Qua°mlglit5 ° lighter shot than its piopici piojcctiles at higher iclocitus, and, 
lftTNov'’''l8fri''* of comae, with incicaaed chaigts of powdei The laiigo was 
200 yoids, and the plates weie dim and oiii thick 
Tho eompmison made was between tho seivicc 68 pdi , thiownig siihoiieiil 
oast iron shot at a velocilr of 1,367 ft , and an Ainistioiig 110 pdi , tluowiiig 
cylindiiool cast-uou shot laiyiug fioin 60 lbs to 08 lbs, at velocities uingiiig 
hetwoon 1,S80 and 1,475 ft 

Tho lesult of this was that tho indent made by the 08-pdr service gun was 
2 in deep, and that by tho Armsti ong gun from 2i to 3 in deep, and the damage 
altogether appealed to ho in tho same proportion, which cortesponds piutty 
nearly with the relative values of UT-’ in tho diffeient shot 
WTuhvoith and comparative trial was made with 12-pdi hieooli loading 

Annrtrong 12-ib rifle guiis, ngaiiist a target coveied with 4i-in aimour, at 100 
N^omb°er I8(i2 yards The shot were ol steel, chaige of powdci, 2 lbs One of 
the Armstrong lound-headed shot made an indent rathoi moio 
than 2 in deep, and a fiat-headed one made an indent of 1 in , the foimei was 
shghtly broken, the latter only set up 
The Whitwoith made an indent of 1 4 in and broke up 
Projactiies of va- At this time several oast steel shot, and shot made of other 
nous forma and patented materials, wore tiied, with a view to determine the best 
DoMtobo^iBe?* foibi and mateiiol tor piojectilea intended to penetiatc iron 
plates 

Some wore tried with flat ends, some with flat ends in steps, some with conical 
ends, and others slightly concave in ft ont 

On tho whole the eomoal end answoied best, and the steel manufactured by 
Messis. Malsin, of the Atteiokffe Woiks, Sheffield, gave highly satisfactory 
results 

Armour phtos experiment was made to set at lost a question which had 

suddeui) oooiod been much disputed, and upon which there had been some con- 
Deoombu, 1862 tiadictory lesuUs m foimoi tiials Tho plates used weie 4J-m , 
made by Messis Beale, of Rotherham, and had been inpidly cooled down from 
a high temperatm e by sudden immersion ui cold water, they weie tiled by 
68-pdrs and llO-pdrs.ui compaiison with plates mamifaotuied by the same 
film m the ordinary mannoi 

The indents made on the cooled plate were about twice as deep as those on the 
ordinary plate, and altogether no advantage seiSned to be gained by the cooling 
process 

2nd onBomato Papei in Vol XI, befolo leferred to, a shoit account is 

ahieid of my own giveu of the trial of the first shield pioposed by myself, and the 
MUi^Sec 186?. Committee on lion having formed a favomahlo opinion of the 
results then gamed, recommended fuithoi tnal of the principle. 
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' Aocoiiingly, a new shield was made of which the following is a description — 

It measuied 11 ft in length, by 8 ft 2in m height, and contained an cmbia- 
suioSft 6 m high and 2 ft 4 in wide 

It was composed ot veitical face pliinl-s of liammeied non ot vaiious sections, 
namely, 23 m hj 8 m , 23 m by 7 in , 19i m by 8 in , 19^ in by 7 in , 
and 191m by 6 in , these woie backed by hoiuoiital planks of lollod non 
14m by 5m , and socuied by t3-m sciew bolts andiiTota to a fiamewoik m tho 
real This fiamewoik consisted of foiu voitical pieces 14 m hy 4in , and two 
hoi izontal pieces 14m hy 6in , and the whole was suppoited at either end hy a 
boiler plate diagonal stmt having a base of 3 ft , and made up of a web of l-iii 
plate, and angle non stiMLUiug pieces 8 in by 5 in hy 1 ui , and 5 m by 5 in 
hy 1 in 

These stints wore seemed to sill pieces 14 in by 4m , iimnmg fiont and rear, 
and these again secured to a eioss beam 18 ft long, 11m wide, and 3 m deep, 
placed 6 ft m real of the shield 

This beam was heavily weighted, and seouiod at each end m a mass of 
masoniy m piecisely the same niannei as it yionld bo in the leol picis ol a loit, 
and foimed the sole moans of holding the shield lu its place 

One half of tho target was made to lepicsont hall of a shield 12 ft w ide, and 
tho othei half, one 10 ft wide. 

At the end, representing the 10-ft shield, the stmt, being brought nearer to 
tho embiasure than the other one, was splayed outwards at an angle of 15° 
&om the peipendioular, as this would bo necessary in aotual piaotioe to admit 
of the gnu being traveised thiongh an aio of 70° The other strut stood poi- 
pendioiilar to the shield 

Between the surfaces of the ftont and leai planks, sheet lead, weighing 6 lbs, 
per foot superfioial, was intioduced to check yibiation in the moss, and iindei 
the nuts of the sciew bolts elastic washois of various dosoiiptioiis yvoie used 
Some of these washeia were of the natuic of buflfeis, composed of 3 in of mdia- 
lubber inside a stiong wrought-iion cylindoi , otliois weio of coils of wuo-rope 
similarly confinod, and in othei cases seveial lead yvasheis, and wosheis of iiou 
and brass were used 

The shield was made by the Millwall Iron Company 

For this ay;perimcntal woik it was of oouise out of tho question to go to the 
expense of pioviding roUs for pioducing all the vanous sections of plaiJcs used 
in it, and theiefoie hammered iron had to bo adopted foi the face planks, yet 
tho shield IS designed with the special view of using lolled iron thioughout m 
aotual piactice, and as upon this depends veiy much tho expense of tho stiuc- 
ture, it IB impoitant that it should he mentioned hoio 


The following guns were used on tho fiist day’s trial — 

One 120-p(lr ‘WhitwOrth rifled gun 
One 110-f€r Armstiong ■> 

One 68 pdr Service smooth-bore gun. 

Kange 200 yards 

Twelve shot from these guns struck the shield fair, namely — 
tiio I9n round-ended cast-iron shot. 119 5 lbs 

A Q -p • I One flat ended homogeneous nietnl shot, 130 Ihs. 

IT/1 /Three cast non solid shot, 110 lbs each. 

From the llO-pdr „ „ 68 lbs 

From the ()8rpdi,~^Fivc casUtoii solid shot, 07 lbs, each, 
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111 all, l,0.i0 Ibi ^\Gl<^ht of shot struck the shield on this fiist d i^'s tuaf 
Ihe cllccts piothiccd wcio highh satistuloiv 

Tlic indents made by the 68-lh and 1 10 lb solid shot tiom the OS-jidi smooth- 
boioniid Aimstionggmisiaiiedfioin 1 lOin to 1 Oiii , those made b^ the 08 11> 
shot from tho 110 pdi i\eic2.1iii (ind2iii irspcctuch , and the indents ol tin 
Whitwoith shot weiL 1 Sin in the case of the cist non, and 2m iiv the wise of 
tho homogoneous metal, ^^hldl lattei shot hioki up 
With the evccption of one small tiaclc in a 7-in pliiik, wheicn shot liad atruck 
near its edge, tho shield vvasrenllj none the noise loi tho dill’s hung 

Tho lead betnoen the planks nas sguci /eel out i good deal under some of tho 
hlows, some of the lead wasliois were flattened, and othu iiuitoi' etfoola neie 
visible, but nothing to rendei tho shield at all imsei viceable 

Such being the case, it was dctei mined to rescivo it for tho Armstiong 300-lT/ 
riflo piojeotiles, and a hatch of other monster guns soon etpootod to be ready 
I urtiior tnai of in placed in position at 200 j ards m front of this shield 

srwnd o-iBciirntr' foi its iuithei tiial, consisted of foui of tho most foimidabk 
Bhiohi 3rd Mitch, of orduancc e\or bcfoio brought together vn a battery 
They were as follows — 

One SOO.pilr Armstrong muzzle-loading 10 grooved ..hunt gun, woiglung 
llftona, calibre 10 4b m 

One 7-m ISO.pdr ■Whitworth rifled gun, weighing tons. 

One 7-m Lynall Thomns nfled gun, weighing TJ tons 

One 9-in Armstrong muzzle-loading smooth-bore gun, weighing 0 tons 
The filst shot fhed was from the Whitworth nfled gun. It was of Fnth's 
steel, solid of course and fiat-headed, weighing 148 lbs , length of shot, 17 3in f 
charge of powder, 25 lbs , velocity, at 12 yards shoit of tho shield, 1,210 ft. per 
second. 

The accumulated work m this shot on striking oi was 36,557 lbs , or, in 
other words, snffloient to raise about 1,687 tons 1 ft high 
It struck on the joint of an 8-in and 7-in plank, and stuck there, two very 
small cracks appeared in the planks, and at the hack of the shield a very slight 
bulge of loss than J-in might bo detected, a little of the sheet lead was alae> 
sq^ueezed out, hut no injury of any consequence appeared 
The shot which thiisadheied to the face of the shield was subsequently got 
out by means of heavy sledges, and the mdent made was found to be only fiom 
2^ in to 3f-in deep, theimpressionmadeis a veiy remaikable one, and testifies 
to tho supeiionty of the metal of the shield and tho wonderfiil haidness as woU as 
tenacity of the roetal of tho shot The effects Of this blow, and of a subsequent 
ohe soon to he described, are interesting, as they exhibit withf an unusual dis- 
tinctness the work done by the shot duiing its action upon the shield, and no 
doubt a very large part of the work aceumulaWd m the shot on impact could be 
accounted for in the efiects piodnced upon the shield 

After this, the 9-in smooth-bore Armstrong gun was fired The shot was of 
Wrought-iron, spherical, weighing 102 lbs , charge of powder 25 Ihs , velocity, at 
12 yaids shoit of the shield, 1,461 ft per second 

The accumulated woik on stiiking or = 1,537 tons raised 1 ft high 
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It stiuck close to the edge of a 6 in plank, and a bolt, with lead anil non 
n ashors, distant about 3 It hom the point of impact, was biokon, also one ol 
tliG hoiizoiital backing pieces wob tracked tluoiigh m a yeitical duttUon, and 
one of the vciticnl fiamo pietes slightly cui\cd 

Ihe indent made by this shot was 2 4 in deep, and iii diameter fiom 10 4 to 
11 3in 

Hie next shot was fioin the 300-pdi shunt guii, it was of cist-iion, o}lin- 
diioal, with a hollow heniiapheiical head, and ■weighed 230 lbs , hiigtli ot pro- 
jectile, 19 in , charge of powder, 45 lbs , velocity, at 12 j aids short ol the shield, 
1,400 ft pci second. 

Accumulated work on staking or = 3,146 tons raised 1 ft high 

This shot stiuok on an 8-m plank, and mado an indent of 1 46 in deep, and 
S 8 to 10 in m diameter The plank was ciatkcd thiough the indent, and at 
auothei place distant fioin the point of impact, two bolts wcio bioktn and two 
01 tliiee otheis more oi less injincd Some othci minor iiijuiics were inflicted 
but nothing of a serious charaetei 

The Lynall Thomas gun was nci.t fired , the piojootile -was of waought-iion, 
cylmducal, with a round head, weighing 161 lbs Its length was lOJ in The 
charge of powder was 25 lbs , mid the velocitj at 12 yaids in fiont of the shield 
was 1,215 ft por second. 

The accumulated work on striking or ^ t= 1,647 tons mised 1 ft high 

It shack a 7-iu plank within 6 m of its edge, making an indent I 8 in deep, 
and 7^ in to 8 in in diametei , the plank was eiackcd thiough a bolt hole rather 
moie than a foot fiom the point of impact, and at another bolt hole about 18 in 
below the point of impact 

The shield seemed to bo gencially shaken, though not mateiially so, and littlo 
or no fiirther injury appealed at the back 

The next lound was from the 7-in 'VVhitwoith, with the same shot andcliargo 
as the firet round 

This shot shuck an S-in planlc, and bioko np, hut a laigo portion of it 
remained imbedded in the face of the plank "When subsequently icmoved, thus 
indent was found to be from to 3 in deop, oi lathei less than on the other 
occasion befoie dosoiibed , two bolts were broken, and some minor injuries 
received elsewheie, but nothing woith speaking of 

After tins the 300-pdr shunt gun was again filed, the shot this time weighing 
807 lbs it was of cabt-uon, cylmducal, with a round end, 18| m long ItW'as 
fired with a chaigo of 45 lbs of powdei, and at 12 jards m fiont of tlie shield 
had a velocity of 1,226 ft pei second 

The accumulated work on btiikmg or ~ 3,186 tons loised 1 ft high 

This shot stmek at the joint of an 8-m and 7-m plank, and of course hioko 
up It made an mdent varying fiom 1 3 in to 2 m m dopth, bioke a bolt, and 
enlarged some cracks pievioasly mado The shield showed general symptoms 
of having been shaken by this terrific blow, but on the whole boro it remarkably 
well. 

The Lynall Thomas gun was next fiiod with a solid steel shot weighing 
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not lilt the shield 

Aftel the success of this daj it uiis deemed pioper to leseiic the shuld fen 
fuithei LApenmonts pioposcd in connection ivith n masonii tiiboinate about to 
be elected at Shocbuiyness, by which oiiangcincut the Aimstioug bOO pdi , 
lately mounted theio, will piobably ho biought against it 

The chief lesson to bo Icaint hoin this fApeiimcnt is that, — gnen a big gun, 
a shield of wrought non can he made tliat shall icsist it, and that being decided, 
the pioblem nnriows itself into a simple enqiniy as to how the iiccessaiy 
lesistanee can be obtained at the least cost 

It would bo toomuch of coiiise to say that the ininciple heic tiiid fulfils these 
conditions bettor than any other that can be ini onted, but that it fulfils them 
better than any otliei that has yet been tiled, all that witnessed the c^.pel^ment 
admitted bey ond question 

Numerous niodifloations and alteiations to meet the vanous conditions of 
stieugth and resistance necessary in difieieiit works have been drawn uyi since 
this experiment took place, but it seems hardly desuable oi possible to desenbo 
them now 

It is enough to say that the very simplicity of the pnnciple makes it easy to 
adapt it to almost all circumstances, whethoi it bo for the pmpose of filling the 
front of a casemate, or for a small embrasure only , oi foi constructing a work of 
iron altogether, oi foi covering a masoniy wall 

To all of them the principle is applicable, and it only leqiures to be tieated 
with a little piaetical skill in its development 

„ , , This expeiiment was made to test the resistance offeied by 

Tnol of thicTi ni- w c o, j , ■' 

rtiour ntii March, Some rolled aimour plates, 5§m,, 6^ in , and 7^m thick, manu- 
faotuied by Messrs John Brown and Co , of Sheffield. 

The plates were of the following dimensions — 

One 18 ft, 4| in, by 8 ft 7 in , and in tkiok, 

One 12ft 2| m , by 8 ft 71 m , and 6im .. 

One lift 9 in.bySft 8iin,and7iin 

They were secured by sciow holts, to the skm and 6ame of Mr 

Samuda's old taigot, one half of each plate had a backing of fiom. 7 to 9 in of 

teak, and at the back of the othei half, it was loft hollow for an equal mtoiwal 

between the plates and the skin India rubber washers w ere used midor 
the nuts 

The guns in position foi this trial were — 

One SOO-pdr Aimatrong muzzle-loading shunt gUn 

One 9 m Lynall Thomas gun 

One 7 -in 'Whitwoith rifle gun 

Oue 110-pdr Armstrong bieeeh-ltSndoi 

Ons 68-pdr service 95-cwt gun 

All were flred at a lange of 200 yaids 

The first three shots (all casf^uon), weicfiied from the 68 pdr , one shot struck 
each plate and made indents in. deep in the 6* in and 7a-in plates, and 2 in 
deep in the 5^in plate. 
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These woiB followed by thieo Hhots fiom the 110 pdr , also of oast iiou , tho 
ludeii t upon the oi lu plate was 1 9 m deop, that upon tho was 2 0 o in deep, 
that upoii tho 7^ was 1 65 m deep Theie was seaicely any otliei cfloct visible 
The iic\t shot vias flora tho Aimstioiig 300-pdi , Mitli a cjluidiical steel shot 
weighing 301 lbs , and filed with a 15 1b chaigo of powdci This shot had n. 
Ycloeitv ol l,2'15ft pci second at 30 yaids iii liont of the taigct, and stiuck 
the 7^111 plate, label 0 it hid the teak bioking Tho indent inado was 0 2 in 
deep, iiulils dianietoi about 12iu,oi latlici aciiciilai iiicce ot this diamutBi 
was dineii in to a dopth of 6 2 in , and neaily, if not tjuito, separated fioin the 
plate, which was of leiy good quality Theie is theicfoie hcic a well defined 
measuiQ of the full foice of this shot Besides this local tfiect, tho taigot had 
LMdeiitly lecpiacd a seiious shake one iib was cracked thiough and bent out, 
a numbei of small iivets weiohioken, the plate stiuck was buckled about li m 
and slightly Clacked Tlie shot which loboundcd flora tho taigct was set up 
about 2 1 in , and was of exccllont matciial 

A cjlindiieal steel shell, with a cast non head, made on a piinoiple designed 
bv Sii William ^iinstioug, foi the piuposo ot penotiatmg non plates by 
diioeting the foiee of the explosion of tho bui sting ohai go forward, was next 
bred fioni tlio same gun It weighed 288 lbs , had a bin sting chaige of 11 lbs , 
and was hied with a chaige of 45 lbs of piowdei, which gave, at 25 yaida in 
hont of the target, a velocity of 1,320 ft pei second It stiuck the 0^-in pi ite 
on a part supported by the teak backing It completely penetrated tho anuoui 
plate, leaving a hole about 14 in in diamctoi, biust in tho teak haclcmg, teanng 
away the innoi skin and bieakiiig a iib, and cauied a shower of fiagments and 
spliiitois m hoaid The teak was set on fhe by tho explosion hut easily extin- 
guished, one bolt was bioken, and othei in]uii08 done 
Altogetliei, for completeness of peiietiatioii and foi tho destiiiotive efilets 
which would have beon pioduced both upon the ship and ciow, this expciiment 
caiiies with it gloat sigmficauoo 

Attei this, a cylmdiical flat headed homogeneous metal shell, weighing 
148 Ihs , xvith a bursting charge of 6 lbs 12 ozs , was flicd horn the Wliitwoi th 
7-ni gun, with a charge of 25 lbs of powdci, which gave a \elooity, at 30 j aids 
in tiont of tho taiget, of 1,265 ft poi second fins shell stiuck the 5i-ni plate 
ncai tho hole made by the last Armstrong shell, punched out a clean out hole 
about 9 m in diameter, and burst in the teak baolcmg , beyond blowing out some 
of the timhei, it added very little indeed to the injuiy done by tho Aimstiong 
shell 

LynaU Thomas’ 9 in gun nest missed tho target with a lound-hended solid 
steel shot, weighing 327 lbs , fired mth a charge of 50 lbs of pow dot , which, at 
546ft flora the gun, gave a velocity of 1,220ft per second 
The same gun nest filed a wiought non solid flat-headed shot, weighing 
3021bs , with a chaige ot 50 lbs «f powdei , tho volocity of this shot was not 
obtained with certainty, it stiuck partly on the 65 in and paitly on the 7^-ni 
aimoiu , the greatest depth of impression on the lattei plate was 6 in , and on 
the foimer 4 ui The 7i-m plate was cracked thiough a holt hole and loniid the 
indent, as was also the 6J-in plate , but, altogether, tho injury done was less 
than had been expected 

A hardened steel shot wds next fliod from the same gun , it weighed 330 lbs , 
was round-headed, was fired with a chaigc of 50 lbs ot powdei, which gave a 
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M'locity of li220ft 1)61 second at 25 yards m fiont of thotaigct It stniek 
close to the lowci edgo of the 7i-m plate, and made an uiegulac indentation 
ini asm uig about 1ft by lit 8m, and 7m deep, two bolts weio biohen, one 
i)b hioheii tliiough, two otheis much bent, and the skm bulged m Tho shot 
itself hi okc in half lengthways 

Aftoi this the 300-pdi Annstiong shunt gun filed n spheiical wroiiglit-iron 
solid shot, w eighuig 163 lbs , with a charge of 45 lbs , which, at 30 yaids in fiont 
of the tniget, gave a xelocitj of 1,030 ft pei second It stiuck the 71 in plate 
w hoi c it had no teak bucking, and. undo nii indent 3j in deep, and 13 in in 
diamotci, with a CKick on tho lace of the indent , the plate was considerably 
hulged 111 , and nt tho back it showed a laigc stnued eiaek 'Iho shot was 
flattened out to a di'inictci of 13 m 

Tho matoiial of which those aimoiu plates was made prosed itself to ho of 
ninfoim and excellent qualit 3 

The piaotioal lessons to be loaint fioin this day’s oxpciiments scorn to bo 
tliese — 

Ibt That guns aic alicady m existence which can completely penetiate with 
shot the best 7i-m aimoui that can be made, and which can, with shell, pioice 
the sides of a ship built, as to fiame, much moie stronglj than om best ship, and 
piotected with our best SJ in ai mom 

2nd That non plates can now, with the impioied raanufactuio ol the countrj 
and the energy biought out by tho occasion, be made of dimensions hithcito 
quite unattainable, and yot without losing anything m quality 

Tho next expel mien t of any impoitanco was made at Slioo- 
JitiiTpAi ^isof tuiyuoss to test the meiits of a pimciple ot construction pro 
posed by Mi Clialmeisfoi non clad ships of wai 

The chief featuios of the S 38 tem advocated by this gentleman (and with such 
eeufldenee that ho made the target, to test its value at his own expense, a thing 
notthought of in loccnt times by any othei iiiventoi), may be thus desoiibid — 

The libs and skill constituting the fiame of tho ship aio voiy smnlai to those 
oi the Warrior, and tho diffeieuce oonsoqueiitly lies m tho oxteinal jnotcotion , 
this, instead of being obtained by aimoni in one thiclviitss with a simple haekmg 
ot teak, as in all the ships yet bmldmg oi afloat, is composed as follows first, 
lie presents to tho shot an aimoiu plate 3| m thick, of hamiiieied iron, which 
is backed by a compound mass of non and teak 10 m thick , this backing is 
made up of altoinato tinibcis 10 m by Bin , and wiougbt-iion ribs lOin hy-^gin , 
laid lioi 1 / 0 n tally, and bolted togethei at ficqnent mtcivala by vertical screw 
bolts of 1 m diametei Tins compound backing is suppoited m leai by, and 
attached to, a plate 1^ m m thickness, this being called an intermediate oi 
second oimour plate , and the intermediate aimoui is again backed by a thick- 
ness of 6 in of teak to form a cushion, behmd which come the skm and iibs 
before desenbed os being similar to the irmaof's Tho aimoui is held on by 
2J-in screw bolts foimed with a peculiarly shaped stepped head, mstoad of the 
usual conical foim, and imtted at the back of the skm 

Thus the side consists, exclusive of skm and ribs, of 5 in of armoui and 15 in. 
of backing (10 in of which is a compound of non and teak), against 4Jm of 
annour and A 8 in of teak in the Wan loi , and this difPerenco accounts as nearly 
as possible for this structure weighing about 20 lbs poi foot superficial heavier 
than the Warrior 
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The object aimed at by tho imontoi was to give a bcttei suppoit to tbo out- 
side luiaoui than is afloided by tiinbci only, and at the same time to avoid 
rigidity ot stiuctuio winch he considcia so dcstiiictiic to both annoiii plates 
and laatoniiiga 

The target fur this e-vpeument piesciitcd a fiont iiioasuuug 13 ft dm by 10 ft 
high, and to give it suppoit njuivalent to what it would loccivo fiom adjacent 
paits, it toiming pint ot a laige stiuctuic, it was auiiomidcd on all sides by a 
casing of boilei plate, whieh, il included in the weight of tho taigct, would add 
about 48 lbs pci toot siipoifioial to the weight alieady given. 

It IS not necessary here to desciibo minutely the piaotico at this target It 
will be sufficient to say that it was earned on by 68 pdr seivice guns and 
110-pdr Aimstrongs, at 200 yaids, flung flist with shells fllled with sand, then 
with live shells, then with solid cast non shot, then with 200-lb bolts fiom 
llO-pdrs, fliat singly and attoiwaids in a salvo of tluoo, m one instance 
a salvo of five guns being filed against it, tho object of tho experiment being 
to give this target a battel ing as neaily as possible equal to that loceived by 
tho oiiginal Wai ) lor on its first tiial 

Aftei this the Aiiustiong 12 ton gun fiiod two spherical oast-iion shot and ouo 
oylmdnoal steel shot, but this last shot bore no pent in the coiiipaiison witli the 
Wan tot , as that taiget was nev er stiuok by a sled 300 lb shot 
The shells filled with sand did of couise little oi no damage beyond tho usual 
marks on tho ainioui m tho case o*’ the 110 pdi about ^ in deep, and of the 
08 pdr about I^-in deep 

The hv c shells did much tho same 

The 68-pdi cast-iron shot indented tho annoui about oiio-thnd raoie than the 
Wan tor, the depth of tho impicssion itself bung about 2;^ in , and oi the moio 
extended bulge about 1 in more 

Tho 110-pdi oast non shot aUo indented altogcthoi honi 2i to 3} iii , 
including some local bulging, the depth ot the iiiipiessioiis themselves bcuig 
fiom li in to lx in deep, oi about twice ns much as iii the Wanior 
A few iivet heads weie bioken off bj these shot and tho phrtes weie oiaoked 
slightly, espeoiallv tho lowti one, which was ol iiifuioi m iiuifaotuie, but no 
bolt was bi liken, and the plates wcio only slightly dispUcod 
The salvo fioin tho thieo 110 pdis , thiowiug 200 lb oast non shot, did little 
damage 

That fiom tho two C8-pdis and three llOpdis did somewhat more injuij', 
hut still the tai get stood icmaikably w'ell , the fiist thiough-holt hi oken occuned 
m this salvo At the rcai some of thoiibsweio slightly buckled and alight 
curvatnies appealed, but nothing whntcvoi ot anj toiisoqiicneo 

Attei this the 300-lb steel, cjhnducal, round headed Aimstiong shot, hied 
with451bs of powder, stiuck at tho junction of two plates, and completely 
piQiietiated tho taiget, making a hole m tho aimoui of about 1 ft 2 m by 
1 ft 1 in TJic liolo m the skmlneasuied about 2 It by 1 ft 6 in , one iib was 
smashed and a quantity of fragments weio cairied tlnoiigli to the real 

One 1 oO-lb cast-iron spheiieal shot fiom the Aimstioug 12-ton (10^ m ) gun, 
fired with a 60 Ih oliaige, struck on the junction of two plates, just as a similm 
shot filed with a 40-lb chaige did on tho Wet? not it made a hole in the 
aimoui of about 1 ft 2 in. by 11 in , and buiicd itself about 1 ft deep lu tho 
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l)aoli,ing, bulging the alau coubulciablv and '-lightly opening it in niic place , 
two thiough-bnlts lycic biohcn and othci iniiioi injuiiis ihrao 

Altogcthei it miij be and that about the same iiipiij n is done to this taigct 
by the 100 lb shot as y ns done to the IVai t loi b-y the same shot 
Aiiothoi lOO-lb shot did much the same daningo 

Tboiesultot this eypeument ippeais to be— tint Mi Clialiiins’ eoinpouiid 
hnehiiig IS supeiioi, as a suppoit, to the simple haehiiig of tiiiibci, niul altliougli 
his3Jin aimom plates yeie moie inpiicd than those of the J1 an-ioi , 1 1, on 
tbo whole, his taiget icsisted better Ihnii tint tniget 

■\Vbothoi 01 not the aduiiitsge uas in a gicatci digue than is duo to the 
eyecss of weight ovci the ITunmi, oi vhethei it is at all due to tin peeuluii dis- 
tubutioii of the aimoui in h\o thicknesses, aie tan sulijcetstm ipu'tiein 'to 
decide these thoic should now ho luidc a taiget, siinilai in eecij lespcet to the 
original Jf'birmj, only instead of the simple teak baekmg IS in tbiek.thp iiiii 
airaoui should have a compound backing about 10m thick, tilth an elastic 
cushion toi the coraponud backing to bcai upon 

This target was coiistiuctod to test a sistcm of naval ai rncmi , 
compound dovetail fastenings and non cellular bucking, 
advocated by Mi Geoigo Clark 

The object this gentleman had in view was to gam gieatci soliditj and 
stiength of stiuotmc bj moans of a ngid backing, and so to give bis lumom 
plates giealei povtei of lesistance, vvbile, at tlio same time, ho hoped to get an 
increase of holding powti, witliont weakening his armour, bj means ol dov etail 
bars let into the back of bis plates, and foiniuig as it vveic continuous beads 1o 
sets of 3 01 d bolts 

The taiget was a somewhat complicated one, seveial different piinoiphs 
having been mtioduccd in it It piesentod a liont measuring 13 ft 6 in by 
10 ft m height, and was coveicd with seven aimom plates, which, with then 
backings and fastenings, may be described ns follows — 

No 1 Platf moBSuied 6tt by 3ft, and was 4iin thick It was held on 
by thiee dovetail bais let in flash into the back of the aunour, each bur foiming 
the head to thiee bolts, in one case, 2iin diametci,in the othei two, 3 in in 
diametoi This ai mom plate had a eellul ir backing foi met! by angle ii ons 7 J in 

by 6 in by 1 in , laid hoii/ontnlly, one side of the angle being attached to the 
skin of the taiget, the other projecting to the front, and thus forming cells 6J in 
deep hy Sin wide Tlio cells vveie divided tiansvcisely mto lengths of about 
2ft , and weie filled w'lth compiessed imllboaid 
No 2 Plate meamicd 7 It 6 in by 3 ft by IJ in , and was held on by 10 
thiough-bolts instead of the dovetail fastciungs, six of tlio bolts were 3 in , and 
four 21 m The cellular backing was the same as m No 1 plate, but the coUs 
weie filled with teak instead of millboard 

No 3 Plate measuiod 7 tt 6 in by 2 ft , and was 4 in thick , but on its 
back vvCie foimed thioe veitieal projecting rib8«2| in deep and about 9 in wide, 
in which Tibs veitical dovetail slots weie cut to receiv e the dovetail bais, which, 
were very sunilai to tboso m No 1 plate, those dovetail bars had six 2i-in 
bolts attached to them. 

The cellular hacking was similar to that in the two former cases, only that 
the angle lions were made of iron instead of inch, and the filhng was of 
imllboaid 
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No 4 Pi ate waa the same as No 3, only that the filling m the cells -w es of 
tc ik mstead of millhoiud 

No 5 PLAiEmcasuied b,ft hy 4 ft , and was 4 in thick, Mith iihs at tlio baclc, 
mid slots as in Nos 3 and i plates It was held on by twelve 2j-m bolts, 
ittached to three oontiiiuous heads The cellulai baclaiig was the same .is that 
ul Nos 3 and 4 plates, and the filling of teak 
No 6 Plaii nicasuied 0 ft bj 3ft , and was 3 in thick, and had at the hack 
1 hoiizontal iibs, acioss which, in a vcitical diiection, were ent tliiee slots to 
lecLive thiec continuous heads as befoic, to each of which vroio attached tliiee 
holding-on bolts, six of these nine bolts were dm diaraetei, and thiee weic 
2^ in The ocUular backing vv as formed of \ ci tioal angle irons 6 J in by 3^ m by 

- in , and thus the cells inn vciticallj and weic 65 in deep and 4t in wide , the 
hlliiig was of niillboaid The stiuctnie, in this case icceived additional siippoit 
thiough some stiffoniiig ineces or double knees attached to the nbs of the ship 
and abutting against the back of the skin 
No 7 Plate measuicd 7 ft 6 in by 3 ft, and was 3 in thick, with thiec 
veitieal piojooting iibs at the hack, veiv similar to those on plates 3, 1, ami (i 
Thoie weio thiec oontiiiuous heads iimmiig veitieally in the thioe iibs, and to 
each head weie attached two 2i in and ono 3 in holt 
The cellulai backing was composed of double angle irons 9 in by 25 in bv 
J m , foimiiig honzontal colls 85 in deep and 4 in wide, filled with teak Teak 
was also filled in at the back of the skin between the iibs, and the ribs were 
IJcewise stifioncd m a similar manner to those m No 6 
The uun lepresenting the skm of the ship was J in thick, and the iibs 10 in 
deep, and 15 in. apart 

The weight, per foot supcifieial, vaned in the different plates that of No fa 
was the gicatest, and No 5 the least 

The average of the whole was about 37olhs pei foot superfioial, of which 
about 25 lbs woie due to extia siippoit given at the sides, top, and bottom ol 
the taiget 

The guns used in the cxpeiiment weio the 68 pdi soivice, the 110-pdr Aiiii- 
stiong, the smooth-bore muzzlc-londing Aimstioiig 9-in (6-tou) gun, and the 
lOJ-in Aimstiong (12-ton) gun — all at 200 ^aids 
The filing commenced with two live shells fioin the 68-pdi , and ono from the 
110-pdi , which made the usual indent, bioke 16 iivets at tho back, injured one 
lib, and made a slight bulge m the icai 

Those weie follovved by siv solid cast iron shot from the 68-pdi , which made 
indents vaiying tiom 1 5 in to 2 3 in m dti»th (oi a mean of I 84 in ), brealiing 
5 bolts, ono only of which was a thiough-bolt , tho plates wcie moie or le^s 
bulged and ei aoked, and some iiv ets at the back biokon, but nothmg vci-j sci loii*. 

Aftei this, two 68-lh shot struck plates Nos 6 and 7 in their w'eak parts, that 
is to say, wheie tho nimonr was only 3 in thick, they broke thiougli the 
aimoiii, doing some injury to lie skin and fastonmgs in leai, especially to tlir 
stitfeniiig pieces oi double knees, three of which weie bioken 

The next foui shots weie filed in a salvo from one 68-pdi and three 110 pdrs , 
they all stiuok about the ccntie of the target, and priuoipallj on No 6 plate 
They made indents from 9 in to 2 m m dejith, cracked the armour a good 
deal, and dusplacod the plates and buckled them an inch oi two , at the rear, the 
skin was found to ho cracked, one nb broken, and two others injured, and ono 
bolt attached to the dovetail bar driven in | m. 
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A stool jacketed cylindncal sAxot, flat ended, Rciglung' 109 lbs , fitun flic 
110 pdr gun, -with a chnigo of 10 lbs , stiuck No 5 plate, but did little tnis-i luet 
beyond making an indent 1 2ni deep 

A sphcncal htetl shot, neiglung 15Glbs, fliul lioin tbo 12 ton gun, with a 
chaige of (50 lbs of powdci, iitiit dean thiough cm ly thing, and out to sen, %Mtli 
coiisideiablo foice left in it The damage done nns leiy boiious iiulLcd, and oi 
such a natuie, both as to luptuie in tbo skin and gcncial binasbing ol ribs and 
euppoits, as to molce it fatal to a bhip at soa 'Ihc iigaij done bj the Iragmonts 
and splinters on board the ship -nould albo base boon tmillc Ouo bolt ilobc to 
the spot sfi uck was di ivtii through 

A 300-lb &ti ol shell was then luod from the same gun, m ith ii cini ge of '53 lbs 
of powdei, and a bursting cbnige of 12^ lbs Hiis shell went as compldoK 
through everything as the sphencal shot did, and the general damage done was 
not less BCrioua 

Lastly, a 100-lb cast-iron shot was fired with 25 lbs of powdoi, firoin Arm- 
strong’s 9-in smooth-bore muzzle loading gun (6 tons), at the same range It 
sttVLok No 6 plate, and made a hole tluough it moasuung 9!i in by 10 in , with 
some cracks round the hole It did not pass completely through the target, but 
it broke open the skm and left some timber protruding, the shot itself, broken 
up, lemoining in the hole One nb, injured befoio, was bioken m two, and ono 
bolt (not a thiough-bolt) bioken, scieinl iivcts also weie bioken Had this 
shot been of superior metal — that is of homogenous metal or steel— it would 
undoubtedly have passed easily thiough the target 
The results ofthis day’s firing are somewhat pciplesing 
It is easy to see some defects m the taiget, such as that of a single armour 
plate having different thicknesses m its different parts, and that ot the reduced 
size of the plates, together with some unnecessary complications ot design , but 
it IS not easy to account for the structure being so much infciior to Chalmers', 
and even to the oiiginal Wat nor target 
The Warrior presents an extreme of elasticity in its backing to the armour 
Chalmers did not depart entuely from this prmeiple, for he piovided a cushion 
of timber, 5 in thick, behind his inner or intermediate armour Claik gave up 
elasticity altogether, and aimed at lugidity Samuda and Scott RusscU did the 
same, and the Iron Committeo m then target also had no elastic substanoo 
la this no doubt lies one cause of foiluie m Clark’s, as m the otliui thieo last 
named 

Next, the interval between the armour and the skin of the ship in the Wari lor 
is 18 m , m Chalmoi’s 16 in , in Clark’s only 7 in , this may have a good deal to 
do with the infenoiity of the latter, inasmuch as the gioatei thickness ol batk- 
mg, of whatever mateiial it may bo composed, must have moie or less the 
effect of distnbuting the foioe of a blow, delivered upon the amour, over a large 
surface of the innei struoture — and it must be observed that the examples of 
Scott Russell’s, Samuda’s, and the Committee’i^ taiget, all point to a similar 
conclusion 

In addibon to other objections to any of the prmciples advocated by Mr 
Claik, there is that great ono of extreme complication of design and consequent 
costhness, the latter consideration might give way to the promise of inoi eased 
strength, hut nothing can compensate for the former To re-model the ships of 
the British fl.eet on Mr. Claik’s pimciple would occupy the greater part of the 
lemamdei of this century. 
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This being the Inst expeimient \\hii,h can be loeoided in this lolunie, it way 
be mteiesting to lopent a few of the most notable icsnlta obtained in the ycai 

Fust then — The side of tho ilfnioteui has been completely pioiced by the 
Arnibtiong lOi in gun (12 tons), thiowing a splieiicil cast non shot at 200 
yards lange, while suniloi shot had failed to pcnctiato the inner skin ot the 
Wainoj 

Secondly — The Horsfall 13-in gun (24i tons) completclv penetiaied the side 
of the Warrior, at 200 ynids, with a cast-uon shot , but at 800 yards, it pierced 
the armour only of the same ship and bailed itself in the timbci backing 
Thirdly — Mr Whitworth’s 70 pdi , at 200 yaids, has succeeded m passing n 
shell of homogeneous metal through 4 in of aimonr and 9 in of timber previous 
to huisting , also his 120-pdr , at tho same langc, has passed a shell of the same 
metal through the side of the Waiiioi, bm sting in its passage , and the same 
gnn, at 800 vaids, has complotclj pieiced, with both shot and shell ot the same 
metal, a ship’s side, const! ucted as to fiame of equol stiength uith tho Watrtot , 
but covered with o-in of aimoui 

Fourthly — The Aimstiong 12-ton gun has just pcnctiated 71-in aiiiionr with 
T, steel shot at 200 yaids, and it has completelj pitued a ship's side, consisting 
of oi-in. armour, Oin of teak, and stioug lunoi skm and frame, with a stool 
shell 

Fifthly — A shield for land defences has been produced that is equal to resist 
a battenng fiom guns up to 12 tons in weight, at a distance of 200 yaids 
lu this state the question of guns against iron armour must be allowed to 
stand for the present, but it is one which cannot stand still long , alieady we 
have a 600-pdr mounted at Shoeburjness and leadyfoi trial, and theie are 
manufaotuieis who aie anxious to begin npon still laigei guns 
Immeuse activity is being displayed m all oui gicat foundries— an ormoui 
phte, 12 in thick, 19 ft long, and 3 ft 9 in wide, weighing 15 tons, has been 
rolled at Sheffield with almost as much ease as one of less than onc-third its 
size could bo produced, only as it were a few months smeo , so much acionco and 
alall is bioiight to bear upon the mamifactuie of impiovcd wioiight-iioii and 
steel, as well as m converting cast non, by a diicct and easy piocess, into a metal 
possessing all the good qualities of soft steel and tough wi ought non, that it 
maj be confidently assumed that wo have neithei yet seen the full icsistance to 
bo got out ot a given thickness of armour, noi can wo j et see the limit to our 
power of pieioing it , one thing only stands out oleai in the uncertainty of tho 
future, and that is, that land defences will ever ho superioi to attack by sea 
Ships of foim and power, that we little dream of now, may carry aimiiments 
heanoi than our most enthusiastic inventois yet doie to suggest, but foits, if 
made of the pioqier matciial, and of foiin and capacity adequate to tho leooptioii 
of the largest giowth of gun, must ovei bo able to oiush anything afloat 
Whattvei adi once science may make in gunnery, oi mechanical sloll in the 
pioduction of monster guns and tho means of working them, eveiy stop must 
fell m favour of foits to a greater extent than of ships, so that whatever else 
may undergo change in this age of monstei guns and non aimour, our coast 
defonops must maintain then impoitance, indeed they must become more 
important than evei 

T 7NGLIS, 

(’apt , Royal Eiigineeis 
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ON THE REPRESENTATION OP GROUND 
By MAJOR SCO IT, RE 


riie title I haM gnon my paper might he taken to embsaco the ^vhl)ll, lut ut 
the Siuvcvoi and Topogiaphical Diitltsuian 'lliis includes, fiiht— the asetr 
tainuig the dimciisiouB of poitions of the eaith’s suifact, so as to tnahlc then 
ftiiius and details to be repiesenttd on papci as hoiizoiitivl and lertical inojct- 
tiotis , tlie nicasiuemtnts and all ohscivations necessary, forming the pecuhni 
woik ot the 01 dniaiv surveyor Secondly— the plotting and piotructing the 
suiieyoi’s uork, and giving to the horizontal piojectioiis dciived flora it, such 
relief and chaiaoter aa may be reipuuod to present a hue pictuie of the undula- 
tions of the soil , and this forms the must difficult part of the task ot tho topo- 
graphical diaftsman, who must, if ho is to give them proper e\prossion, uniti 
to a good cyo, skilful hand, and coirect yudgmeut, an acquaintance iiith the 
sahent teatuics of geological action 

It IS haidly neeessaiy to say that I am not heie proposing to attempt so 
much I must assume all tho ordinary work of tho sunoyor (whether a careful 
and accurate piece of work on which much time and laboui has been expended, 
or sUeh a skeleton os a staff officer would geneially attempt), already tmishcd, 
ot, at least, the proper modes of executing them decided upon, and confine 
myself to that hranoh of topographical ait which consists m givmg to hiU forms 
tho sohdity of appearance requisite to convey to the eye at a glance, not only 
the general conformation of tlie hills, hut also a near appioiiniatiou to the 
inclinations of tlioii sides and their rolativo altitudes 1 must hmit my task 
still fiuthoi Assuming that whateiei tho opinion on tho possibility ot 
expiessiug with tho pen and pencil nice geological differences, no oiio will 
dispute tlie possibility ot depicting on a plan in unmistakoable mannei the 
poitions of gionnd, winch are sandy oi marshy, oi which are rocky oi coveied 
with soil, I shall confine myself to an endeavour to aiiive at a good metliod ot 
lepirGsonting, with the pen or pencil, the slopes and forms of such lulls and 
undulations as geneially form the theatie foi tijc tactical opeiations of armies 

That such a method is still wanting in the Biitibh sen ice will need no pioot 
111 tho minds of those who have to make fiequent use of military drawings, but 
it may ha\e occasioned them surprise that no untfoim and systematic plan for 
evpiesBing ground, should have been agieedupon The difficulty maj , I thinly, he 
in a meaBino attributed to the fact that the engineei, whose duties lead him to a 
* This paper was originally read at Chatham on 20th Eehruniv, 1SG3 
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lendy compithcnsion of the signification, anil to m appiceiatiou of the viluo of 
contours, has littlo ncod, foi his oiyn jjtciiliai duties, of the aid to be denied 
fiom the Tiioie pictoiial lesults pnodiiccd hj shading, iihilst tlie staff officei, who 
sketches foi the tactician, has had no tiaiiiiiig in the iiso of eontouis, which, 
whether iinally left on the plan as inaiLed luics oi not, can alone giie acciiincy 
of woik and ceitaiiitv of leading Wantiiig ni tin sc loquiicmciits, plans may 
he hcaiititul specimens of m inipulatiie skill, hut they nie olteii ivoise than 
valueless I feel it a hold thing to hope to supply a defacionoy of such 
importanoD , hut I have not ventuied to ask you foi join ciitioisms until I had 
ascei tamed the good piacticol woiking of tho system I have to pioposo , and 
my position heie as tho Supemitciideiit of Topogiapliical Diawing, and mj' 
employment as exammei in this blanch ot militaiy science by the Council of 
Military Education, appeal to me, not only to justity tho altomiit, but to leqaiio 
that, having telt tlie want, I should eiidcavoui to leinovo it 

In dealing nith the subject, I shall flist cinjuiie, nhethci it is possible to 
attain to a pel feet solution of tho pioblcins involved m this question, and if not, 
oonsidei what luc the pomts on wluohwo must content ouiselves with some- 
thing shoit of poifeetiou, and what, oonsidciing the means at oui disposal, 
should he looked upon as indispensahlo Thou I shall cnquiie how fai the 
attempts hithoito made have met the question And lastly, I shall desciibe 
my own ideas on a nmform system of sketohiug, as cleaily as I can, and eiideavoui 
to show that my proposition satisfies tho conditions laid down ns necessaiy 
With lefeienee, then, to the degrees of peifeetion to be aimed at 
1 — A militaiy plan, to he peifect, should convey to the mind the relatiio 
altitudes of its vanons featuies as loadily, and as acouiatclj, as a oaiefnl survey 
of a tiaot of country imparts a knowledge of the outhno of its loads and tlio 
hoiuidaiies of its divisions This, bowci er, is no easy mattei Wo may, by 
trigonometiioal opeiations, obtain the altitiRlcs of detached points, oi by tliouso 
of a level aiiive at a knowledge ot such a succession of points at difloient heights, 
as to trace upon om plans equi distant contoui lines , hut those, if suffloiently tai 
apart vei tieally,to he shown on the steeper slopes, w ould not only leave impurtant 
poitioiis of flattei eountij undetei mined, but uould lad to coiivej so distinct i 
jiiotuic of the undulations of tho gioimd as would enable an obsoivei to soue 
then meaning at once, oi to letaiii in his momoij the image they may have 
convejed If placed at unequal intoivals, depending on the dogieo of inclina- 
tion, it would he still moio diflieult to lealue then signification Supposing, 
thciefoio, that the staff oftieci should icecive sufficient inaetice m the use of 
contours to employ them i eatlily, however valuable a plan, showmg such hues 
only, might pi ove in certain cases to the Quaitei-mastor Gcnoial’s dopaitmciit 
or to the Engineei, it would bo a very mdiffeicnt iid to a gouoial m enabling 
him to amve at a compiehension of tho giound he is to occupy It is an easy 
thmg to undoistand tho meaning^of a section, oi even of a system of eontouis, 
and any one of ordinary capacity would do so aftei a few vvoids of ovplaiiation , 
hut unless the contoms aro sufhciontly close to look hko shading, only those who 
have had some piaotieo in thou use can combine then mennuigs uitli sufficient 
facility to gather from them lajiidly a collect eoncepfioa of what they lepiesent 
A seiiBs of vortical sections would leqnne a stiU gieatei eyeitioii of memoiy and 
skdl to combine into a whole, and it would seem, theiefoio, in the present state 
of om kueiwledgf, impossible eomi>lt)fclv to attain the dtsiud cud Althmigii, 
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I^o^yo^ol, wo cannot mnoat n, sj^fcra fito fioin nlldifcrf, it is nimp iinii 1 
easy to aUam to suth ii iltgiec ol pciftcUoii in oiii plana, Hint ml m , m illunit 
eithci libciiii 01 tliouglit, nl once cUtoiiiiinc the itlUnc alhluilos o( such pennta 
on them as Mc inni iciimio, -nitli f u gicatci nicctj tlinn cm po sihi\ he doiio 
Lj nuy unaided sjstem ol sliuling No mothod of diiiivmt; giound, tluictoio, 
11 Inch does not nlloiv the use ot such means of giiing inloimnlion, ,ind is not 
itself assisted liy them, should ho adopted 

2 — 'If the nllitndcH of an> lequned points cm ho icacldi found, it is not 
liocessaiy to be able to n ad nt n gl mrc tin piciisc inilmiition of Ihi gimmd on 
slopes 60 steep as not to iidunl ot the movcniciifs ot hoclics ot tioops in iiuisses, 
1101 IS it iicccbsaii to slum hj slnulmg mil slope hiioiul tint ii Inch, ii ithout 
sonic pcciiliii Inciliti foi lootiucf, is nnpi attic able foi mlantiy It is, hoiicitr, 
most essential that the eye should lit able, ili> leadily, to appiccuitc dilfci cnees 
of slope on ground admitting of nianoeuvies 

The following table from the moiV of M Lehman, iiho has the cieditot 
being the flist to attempt to itdnce topogiaphical diawing to bomotbing like 
strict and inatliematieal lule, will illusti ate those lemiiks — 


1 — Qtadaiions mhmttwg of Manccitiies j 

5“ 

10° 

15° 

Infantby 

may move with oiilei, and 
has, down hill, the nio"! 
eflectual Are and chaige 

CAVAt-RY 

may also move with order, 
and has, up lull, ita mou 
effectual shook 

AsTtCLEaY 

has a more effectual fire 
down than up hill 

Infaniry 

Its close movements be- 
come more difficult 

Cavalry 

can only cantei down lull, 
tliL chaige possible only up 
hill 

Artillcrv 

moves with diflieiiUv, its 
effectual and constant Are 
ceases 

iNrANTRl 

cannot move anv consider- 
able distance with ordei , 
their fire up hill without 
eiltet 

Cavalry 

may still tiot up, and vtalk 
down hill 

ARTILtERV 

moves with great difcouUy, 
It- tiro totally ceases 

] 2 — Oj adationB which may he ascended and descended singly j 

20° 

23° 

30° 

iNPANTnY 

cannot move in older, and 
can fire onlj singly with 
effeot 

CAVAt nY 

may still ascend at a walk, 
aiul descend without Older, 
and that only ohhuaely 

ImrANTna 

Light Intuntry as before 

Cavalry 

Light Cavalry may ascend 
one by one obliquelj, and 
descend to the same way, 
but vvith great diffloiihiy 

ISFAflrRY 

Chasseurs ami Riflemen, as 
Light Infantry before 

Cavalry 

Hussars may iiscend as 
above, but with gmal difll- 
ciilty, and when the slope 

IS ol soft earth 

j 3 adahons which may he climhed np* j 

3S° 

40° 

45°, 

Chasseurs and Riflemen 
may ascend with difficulty 
one by one 

Chasseurs and Riflemen, 
without baggage, m ly as- 
cend with help of their 
hands 

Chasseurs and Riflemen ac- 
customed to hilly country, 
may ascend as above, hut 
with danger of falling. 
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3 Tlio syetom adopted should be such as can ho applied -witli caso and 
accmaoy m tlie field, can be leadily leaiuod, and will not leave Ilia woik of 
inespoiicuoed diaftsmen valueless It should also bo such ns can bo uudei- 
stood without special tiammg, ind such as Tiill not, theiofoie, piovo in any 
way puzzling to those who have had no lecent piactico in its use 

Whatcici the opinion conceiuing the lemaiks made undei my Hist heads, 
I am confident that theie is no goneinl in tho BiiLish scivioo who will not 
nppiovo of the requisites named undei tho thud 

n tea HI drawings had none of the aboio lecommonditious In 

aiiViv the enihest Emopenn* attempts at lepiescnting tho features of 
giouiid on maps and plans, whilst these wcio laid out so ns to 
show the true relative positions and dimensions of the details of tho country 
ombiaced, just as they would bo seen by an ejo tiavcUing ovoi each point 
of them in succession, oi by hoiizontal piojcction, the hills wcie lopre- 
soiited as if thou apparent contouis, seen against tho shy by a spectator 
on the ciith’s suifaoc below them, wcio piojected oaoh on an inclined plane 
of its ow’ii, and these piojcotions weic then tuiuod ovci and confounded 
with the honzontal plan This method was leviicd in gieat gloiy during 
tho Russian wai Eaeryone must lememhei the wondeitul mountain ranges 
of tho Guinea, ns exhibited in maps of this class in all tho piintsellois’ 
avmdows in London, and, if 1 mistake not, theie aie now again to he seen similar 
specimens, showing the sent of war in America Highly pictonal as the system 
18 , it can, at best, show only one side of the hills in the diawing, and hides some 
of the details on the plam behind them, and is theiofoie evidently quite unsmted 
foi militai y pui poses , and, excepting foi the icpiesentation of trees, bushes, and 
a few such conventional signs as cannot possibly mislead, should ho absolutely 
piosoribod It may, peihaps, howcati, bo allowed on nautical chaits to assist 
the navigatoi in i ecognizing pomts on the coast, but it would seem to be a bettor 
plan to give little side diagiams with lefci cnees on the map to the points tiom 
which the hills were diawn 

The inconvenience of this method having been felt, the svstem giadiially 
underwent a consideiahle modification in tho extent to which it was applied 
Plato V drawn, as if seen irom a vciyhigh hu d’s-oj e point 

“ ° of Mcw, so ns to dimmish the evils of tho system, w'lthout lendermg 
what 18 usually teimod natuial lopiesentation impossible, and at last the point 
of sight was supposed to be almost veitically over them, but not quite so Some 
PI to VI beautiful and deal specimens of this woik, of which Plate VI is 

a good sample, weic pioduccd in the eaihest part of tho 19th century 
Towards tho end of tho 18th centuiy the dcnii poispectivc and hud’s eye view 
systems of icpiesentation liadhowovei almost given way, for military sketches, 
to a method in which the dimensions of hill foims weie shewn, like the othei 
details of plans, by then hoii/ontal piojoctions, and leliel was imparted by a 
species of shading, consisting ot bent oi wav mg stiokes, fino at both cuds, and 
swelling in the middle, diawii accoiding to what is termed the veitical style 
Gieat attention was jiaid to giving them a giaoeful foim, one authoi devoting 
• In Plate I and II arc seen interesting examples of the mode in whicli the topogia- 
phical draflsimn of Koiiynnjik upresenteil hilL, and of the pnicly com ciitional sietem 
of tho ChincH, 
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no less thin 50 8\o ij'Kjea to in ti notions in the 'iit nl niikiiif, mill iniiiii tin in 
Theyiveie to bo coramoiutd mill is fotbh i toinh u pu-Mlili, to bi mnili, 
gradiialh tlinlii ton m ih. the niuhlli niul to rlii out iiiiju u iplihh nl then lulls 
The mulille ol the stiohes nan not to ho too tlutk, but to In oitii iiiul propoi- 
tioiied to then length 'Ihc shiupei tin indiiiiitiou ot n hill sidi the btionguj 
they Nvoio to be, nnd ni iiiopoitioii ns the distim l lium tin summit of the lulls 
lias gieulct, they tveio to he lightci, nnd ItuUiei iipiit, until tliij bcuimo 
nlinoat itnpeiceptiblo The sistein N^ould nppeii to hn\c hieu undo up ol 
puiely eon-vcutional tides designed to shen , in a giaLetid inannei , the laet ot the 
evistenoG of lulls on the giound iL]uebented, and little moit , ueiertlieless si len- 
tihe leasons ueio soon hmnd foi thoiii llajne, the authoi ulludeil to, sajs — 
“ We mil adopt the kind ot stioko which most lesemhles the luituuil form of 
^ ^ ^ mountains, that into saj, ash oke of the toini ot along /, sti ekes per- 
^ * fectly ehnight, may also be nsed, but they ait not so uell adapted ns 
the / shape foi the eicpressioa of what is icciuutcl, " and his riciith tianslatoi 
adds, in a note, in furthet explanation — “ We have to imagine the eui ves s\ Inch 
diopsof watei stould haoeon thesmfaeoof the giouudsihen lolhng by the action 
ot giatity We must thou pietme tooiuscdics the piojectiou of these eiuves, and 
hi these pio]eotioiiB we topicsent the vaucdhiUblopes, of uhtcli they sheti mall 
dueetions the lines of gi oatestinehnation Ihis is the system non guici ally fol- 
lowed m Fiance by geogmpheis and cngiiiccis" Untbituaatcly, houinor, 
for the theoiy, we aie told a little fuithci on, that when the lull side is too long 
to bo ooieicd with one stioke,that then seveial shoitor shokes may be used, but 
they must still have the shape ot a long / Noyy it one long / Mill oxpi ess tho 
Imo of descent ot a diop of yv atei on tho side of a hill, a succession ot smaller / 
stiokes in the same diiection ceitainly cannot do so 
A ooinpaiison of the ouivcd shokes used to ropiesont the sloping sides of the 
hills m Plates V and VI, yyith those in Plates VII, \III, IX, and X, will 
shoyr tho loal oiigin, ns it appears to me, of the waving hachuie used by tho 
diaftbinen ot thispciiod 'iho lull sides in dcmi-pcispcctiy'o diawings haying 
been lepiesciitcd by tho emyed lines of scitieal sections, and this system haying 
giadiially died out, it yyas not it once felt by field skctchors that tho horiisontal 
piojeotions of those cm ves would he straight lines 
Another yviiter, Captain llogrcwo, a Geiraan Engineci Officer, gets ovoi tlio 
diffleulty of long shokes by nsseihng that hills, towaids tho ooiitie, gcnoiully 
1 un into flattened gently syvclhng spurs, so that at the middle of the hill tho 
PUteVli may die out and make a fiesh stait! This author oou- 

sideis that, if this system of shading is well executed, it will lepie'sent 
tho hills as they leally appear m nature. He allows, howovor, that it ite[unes 
ii'iiih pi eliei", I’lkcnef ai d tnuc. to aieiinp’iii. I’ e ( iik 

Jimp' 11 r,u ul 111 mg I ht -"ilk n no'e 'me' ‘it il ih, -i.i m i>s >if h 'I- ami 

yfjy liii ii'iioii'liy .1 O’ L i It 1 ! .M r t'y iiiiurimm ii V un 1 ml, =1 ,[io ih i 

■’P^iiani ce of eoi e.i ity ,ii'ii, luo'iO' 1 1, c i'iph)y»il ih. rl nk s'luJn bo iwop'ii- 
po'-es, M/ U’ lopi.'in 1 gii’iiniiii >,we’.l is -nepiu-s oi -’o . v ,o ouiw ,t 

f ir vin -onif aj . I ho 1 , i giouiid th'oio,'; ‘h ipe’ of ll ' shine I in j gl'k u 

'\c- = id in tiiv i-iiu <11. im...j,i m a- luulv nh-iiU.!, end u *eh ,1 th,' 
lo.ye~l lie Use, ibc truivid with .i d mini- ' I iiImis,u ih \ih - y eio, 
'.u'eioi. piuio’tii.iirh. 1.-1 <1.-1 iKi then i c.id liom .ibi l,i t cm ^lopi / , 
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Hmt wluoli IS dftikest is most distinct, whence the tops of tho hilh should bo 
made tho daihest pait of the drawing 

If any luithoi pioof is wanted of tho fiincifiil natnie of the lules for di awing 
on this system it la to bo found in the variations uliieh had favour with diffoieiit 
diaftsincii Some diow thioo oi four stiokcs forcibly , and of a modoiato length, 
and then, alongside of them in coiitinnation, tliico oi ioui more somoivhat lighter 
Plat I"? slioitci, and so on alteinately , otlicis mado foiu oi fii o stiokcs, in- 

01 easing in length in succesaion, and then began with a shoit one again , 
a thud method consisted m ciossing the stiokes to lepiesent the steepest gioniid , 
and the author, fiom whom I haie already’^ quoted, considers the most elegant 
method to he this — to make a succession of long stiokos in the oidiuaiy manner, 
but fuithei apart, and then to fill m the inteiials W'lth waving oi soipontine 
strokes of the same intensity and length, and of the same chaiacteiistio general 
/ foun Tins method is, however, admitted to he labouous, as it occasions going 
ovoi tho whole suifaee twice 

In 1803, a oommisRion of ofBoeis was appointed hy tho Kopublieiu Govoin- 
ment in. France, to coiisidei tho host moans of simphtying and loduoiiig to 
system, tho methods ot topogiaphv The subject of giving lelief occupied thoir 
special attention They condomned_,the use of domi-pcispective, which they 
considoiod absurd, aud, letaining the lomauidoi ot the oidmaiy shadow system 
of lopresontmg hills on account of the beauty of its effect, they locommondod 
that all cast shadows should be done away with, os such shadows not only 
obfacuied the details of the plan, but weio very difficult to lopresent ooirootly. 
They also rejected the employment of contouis, oiceptmg foi the spooial re- 
qiiiioments of engmeeiing woiks “ The linos of gieatest slope," they said, “ oi 
of the fall of watoi, offei this advantage, not possessed by contouis —they 
lepiesont a material effect ot which the oye is witness eveiy moment (d ohaquo 
instant) and vvhieli recalls tho geneial cause, if not of tho foimation, at least of 
the figure and ohaiaotoiistics (accidciis) of mountains ” 

Notwithstanding the authoiity of tho names ooinposing tho commission, it 
must bo admitted that they did not inueh contiibuto to tho impiovement of topo- 
graphical diawing Demi-peispeotivehodahcady almost given way, nimihtaiy 
drawings, to the lopiosentation of lulls by vortical stiokes, and by lotammg 
the side hght — notwithstanding a recoimncndatiou to the contiaiy by one of 
then numbei, the citi/cn Epnilly, who appeals to have had sound views on the 
subject — they letaided, probably, tho adoption of tho far simpler system which 
the Ficnoh nation now employs It was a difficult mattei for the aitist to 
appoition to the stiokos tho degiee of thickness loquired tor tho varyuig slopes 
of gionnd, and for tho different altitudes , but to add to these diffieiilties, 
the additional ones of estimatuig tho amount of lig7tt that would fall upon 
each pomt, and to combine this with tho intensity of stioke demandod by 
the flist two requuements of tho pioblem, was to lay upon him a task m de- 
sonptive geometry beyond the Jowei of any ordmary man BowiLdei ed with 
so many difficulties, tho sketohor would be sme to content himself with a general 
rosemblanoo to tho features of the ground, and bestow the groat pait of his 
attention on picturesque effect Tho shadow, too, on tho side ot tho hdl, if 
forcible, tends to tho same result as that foi which they i ejected the cast 
sliadows It obsciucs tho detail 
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It IS somoiiliat lemiikable that the cominibsioncis> did not poieeive that the 
aigumentij rnado use ot foi dla^^mg the lines m the \crtitil stylo 'would equalh 
■\vell applj to diaimg them m the hoii/oiital stAle, tor mau\ of tluni must 
liavo heon acquainted iMth tlio sound g-eologieal Mc-ws on the fonnation ot tho 
present external oiiist of tho caith, iihieh weio at this time hcginniug to ho 
piopngated h'\ then own connti 3 'inen, Do Luo, Ciivior, and Biognint 'Ihtir 
leaaonmg -w onld have been quite as convniting, if they had loported thus — 

2'he use of continuous lines of level, or contouis, offers this advcntufic over the 
veitual stiole , it vidirales the succi'.sivt muiKmrjs iihich must huic l>tcn made 
hy the rcti eating wateis as the vontnu nt\ iieu elevated to Iheit prebcnl altitude, 
and thus leptestnis a natuial efect of which the eye u witness every mnmenl, and 
ivhiili j ecalh the gcnei al causa, if not of the foi mation, at least of the fu/ai o and 
ohuiacte) istics of hill slo^ms 

Then aigumentb, also, against the conlonr system of sketching, apiioiu to mo 
to he equally wanting in weight “ Coutouis,” they say, “ ate dithciilt to 
detcimmo without aoouiate or approximately aocuiatc levelling To enable 
one to decide upon thou position with any coitainty, it evoiild be necessaii to 
he able to hovei ovei the caith In -walking upon hills, tho cyo often runs ovei 
os many diffeient oontouis as theio aie points m the eucumtoicnoe ol moun- 
tains How difficult, then, is it to cstniinto its piosition with icspoot to tho 
imaginary plane of compaiison, to ■which are lefciicd tho othei hoiizoutal qihnes 
by which tho gioimd is supposed to be cut*" Besides, ono knows howcisily 
the eye is deceived in its evaluation of objects situated on a hoii/outal plane, 
and how groat are tho eirois which lesult fioin lowcimg oi laising tlic visual 
line with lespeot to this piano ” 

In oidei to answer these objections, it nppeais to me to bo only necessary to 
considei in what the great diffloalty of pictuiing to the mind tlie form of 
ground, so as to he able to lejnesont it, consists Is it not in judging tho alti- 
tudes of the diffeient points of the countiy above some datum, and compaiing 
their relative positions as they would be seen on tho hoiivontal piano of pro- 
jection P Substituting thowoid ''altitudes” foi oontouis and foi ovpicssions 
signifying tho same idea, might not tho above sentences be faiily employed to 
desoubo the chief difficulty of all topographical hill sketohiug, whatever tho 
system of shading employed ^ Having judged tho relative altitudes and hori- 
zontal positions of the diffciont points necessary to lepiesont tho figmt of tho 
hill, can it have incieased the difficulty ot making tho judgment hoenuse the 
sketoher had intended subsequently to connect those winch are on the same 
level, by continuous hues, so as to enable bun, ns well as others, to follow out 
readily the horizontal sections made by thorn P Will not such level linos, 
mdecd, by affording him many pianos of lefeienoe, enable him, as tho work 
proceeds, more leadily to make those oompaiisons, which the most gittod di ifts- 
man will loqinre, m older to complete his sketch to his satisfaction, aud to give 
him confidence in the accniacy of his woik ? * 

Before concluding what I have to say coneeining the lopoit of tho above- 
meutioned Commission, I must call attention to two propositions made to them 
which wore worthy of moic attention than they leceived Citizen Epaillji, who 
was m charge of the survey of Swabia, lecommended that tho system ot bunging 
m the light at tht loft hand top comer of tho plan should bo discontinued, and 



ON THE BErRESENTATlON OF GROUND 


151 


the liaolimea lopiesenting tlie shading bo increased lu thukiiess in piopoitioa 
fis the slopes iveie steeper, and, consequent^, moie points piojected on the 
coiiesponding bases He assumed, in fact, that those piojected points, instead 
ot 01 eilappiiig, grouped Ihemsehcs latciallj aiound the tiuohiie of piojcctioii 
as in avis Here we have a system hinted at, -winch, with some necessary 
modiflcatiou, aiising &om tho diflioulty ot expressing by it the gcntlci slopes, 
has beaten all its competitois 

EpaiUy, ho-woiei, was not the only one who was now tuiinng his attention 
in this diiection for a solution of the pioblem Scieral Geiraan officeis about 
tho same time occupied themselves with the subject Majoi Miillei, letaming 
goueially the bent oi wavy line, pioposed that tho shokes should he strong in 
propoition to the slopes they weie intended to lepiosent, without lefeience to 
any supposed distance from the eye, his slopes bemg chvided into five classes, so 
as to have distinct giadations These weic gentle, common, strong, steep, and 
pcipcndiculai, the last being CApicsscd by bioken stiaight lines 

Majoi Von Biebeistoin adopted a scale not biokon into classes, and m which 
the stiokes weio diawn tluckei and daiLci fioin 0° to 45°, m pioportioii to the 
inoiease of the angle of inohnation ot the gromid This scale, it will bo per- 
ceived, had tho advantage of lepiesontmg the manoeuvimg slopes bettor than 
Epailly’s pioposition, in which tho inciease of the thickness of the strokes, being 
inveisely propoitioned to the cosmea of the angle of inclination, would he veiy 
slo-W for gentle undulations 

The system, however, which attiacted most attention, was that of Major 
Lehman, ot the Saxon seivioe, and with some mochlications this was adopted in 
tho Russian, Piussian, Austrian, and othci aimies It tlierefoie demands amorc 
extended notice than those just mentioned In this plan the light 
IS supposed to be admitted in paiallel voitical ray s liom ahoi e, and the 
illumination leceivod by each slope is diminished, on a somewhat 
peculiar theoiy, in piopoitioii to its dnoigcnce from the piano of the horizon 
“In this vertical illumination,” (to use the woids ot Lehman’s tianslatoi. 
Lieutenant Siboin), “ tho hoiizoiital plane receives the fullest light, because the 
reflected lay coincides with tho veitical one,” and “ the angle of 

lefleotion which equals the angle of mcidouoc, mcioases in the same piopoition 
as that in which tho angle of inclination itself mcioases, until, at the extreme 
angle of inohnation of 45°, when the angle of lofleotion is also equal to 4o°, the 
reflected lay is peifcctly horizontal , whence this declivity is the least illumined 
Fiom this it is evident that the jiowei of tho illummation vanes inversely ns 
the angle of inclination, foi as the lattei incicascs, tho foimei deoieases, and 
hence tho angle ot inclination, and its supplement to 45°, may ho consideied ns 
the proportional teims of the light and shado upon any declivity ” 

Since, also, Lehman thinks “ accoiding to the laws of giavity no dcclmty of 
a hill can he mchned to tho horizon in a greater angle than 15°, theiefoio this 
slope may he placed at the extieme end of tho scale and bo lepresoiited by 
absolute black ” 

The mtermediate are rs divided into 9 equal parts, an equal mciease in the 
shaded part of the soalo being made for each 6” from 0° up to 46° This scale 
was to be copied by the sketohei until his hand and ey e became siifEcioutly 
piaetised. to make the stiokes of tho piopor thickness 
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I -Will not no-w qunuel with Lehmans theoiy, I shill hare some g:cnpiiil 
icinaiks to mtvko heicaftci on this and. Bimilai attempts to invent a plansiblu 
philosophical leasoii founded on natnie’s laws foi a conveiucnt con-vintionahlj' , 
hut it IS to bt obseiicd that this scale is not bettm adapted thou Von Bicbrr- 
stem’s foi expioshiug manoeuinng slopes, whilst foi higlici mchmitioils the plan 
IS made so daik as to ohscuie the details The heights ot auj icquiieil points 
can only bo aiiivod at by a laboiious computation oi coustinction , and the 
method is not only long and tedious, but so thfflcult that without gieat skill and 
steadiness of hand no diaftsman eould pioduco a satisfactory lesult , noi it lie 
pioduced it, could ono ieel any confldenco in the gemuility of men lumiig the 
nicety of judgment necessary to lutorpiet his stioLes with suffieient accmacy to 
save them fioni seiious eriois, 

Thosoihowevei, although the gieatest thickness of lino does not exceed ^j-in , 
were not tho opinions of Lieutenant Siboin This officci thought that the 
Btiokes might he so giadnated as to be lead within 1“ of the tiuth without 
difficulty On Lehman’s work as a basis, theiefoie, ho published a treatise on 
Topographical Plan Diawing, lU which he also mooipoiatcd the views of tho 
Geiman Sohieneit, who had many yeais proiiously lecoinmciidtd that contom 
lines should be used wheie changes of slope occui, to assist in drawing Lehman’s 
stiokes, but be attcrwaids removed fiom the plan 

Heio, then, wc have anothei gicat step in advance Contouis aie intioduccd 
to aid in the conception and repicsentition of the giound, but only so long as tlio 
pupil is inoxpeiienoed He is lecommendod to go without these crutches ns 
soon as he can, and, according to Lieutonant Siboin, he should cleai the w ay to 
doing BO by flist purposely cutting his clutches of diffeiont lengths Ho is to 
commence with equi distant contouis, and then to try what lie can do with Ins 
contours at unequal inteivals 

Sohienert must haio nairowly missed seemg the assistance given by contouis 
in reading representations of giound, for he devotes a chapter to pioving topo- 
graphical plans by constructing sections, and Siboin even exjdains, in his 
ohaptei on hasty militaiy sketches, that horizontal contouis and then altitudes 
above a datum are sufficient to enable a draftsman to complete a plan without 
having seen the ground of which they indicate the luclmations Sohieuert’s 
work was tianslatod into English m 1812, and Siboin's appeared m 1822 Tho 
lattei contained some good specimens of hiU di awing, of which an cvaraplo is 
Plate XIV Plate XIV, and the preface by Soliioncrt’s translators — 

^ G H Goidon, list Light Infantry, and J Bedford Smith, of tho 
Carahineeis — contains some very just lemaiLs on the subject 

Eapid progress was now made , General Van Goikum, of tho Netherlands 
ai’my, improved gioatly upon Lehman’s system lie adopted certain fixed and 
equi-distant contours, mianged in groups oi classes accoiding to the slope, and 
ha proposed to draw veitical strokes between theuii so as to be able to uso the 
length of the normals thus obtained to show, by* reference to a scale, tho slopes 
of the hills The vortical intervals m each class of giadient, calculated to the 
different scales generally made use ot iii plan drawing, were so aiTanged that the 
nM'mal might not be too short when it had to subtend an acute angle, noi too 
long when the angle is neaily a right one. On a scale of 4 inches to a mile, the 
vertical distance is fixed at 24 feet foi all angles up to 25°, which will allow tho 
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cliaftsman to icpiostiit the slopes fitted foi maiKoiiviiug tioops m nins'i-s \Mtli- 
out inconveniently long noiinnls Foi highci angles he donhlts and tuples the 
VLitieal Intel val of Ina coutoms, bo as to ohtinn space foi Ins noiinils, Inch ho 
also doubles oi tuples in thichness Hmcc the thickness ot the noinmls depends 
on the vei tie'll distiinec hct^^cen the contouis, by means of thou thickness, niid 
coiniliilg the niiiuhci of noimals, the iclituc iiltitiidos of any icipiiud points 
can ilbo be obtained iiith compaiatiic ficiliij 

Holt we hai o a S 3 stem which piott 3 \\ ell satishes the leqimcincnts of a mili- 
tary pi 111 , but the ctfcct pi educed ninst be \ciy unplcasiug, and uiisuggcstii c of 
lull foi ms 

About tho same time the Fiench also iicie making long stiidos in the light 
direction M Benoit proposed to make nso of cqiu-distant contoms, and to dinw 
tho haohures at a distance npait piopoitioncdto then length, and tins distance, 
loi faoilit 3 '' of execution, he Axed at n qnaitoi 01 an eighth pait of thou length 
foi gentle slojics, iihilst foi stccpei slopes he made the haeluucs 2 to 1 times 
thicker, and placed them fiom 2 to 4 times iuithci apait Goiicial Haso 
devised a system ot his own, ivhieh wis nnpi actio ihlo thiough aiming at 
woiking tho piohlom out on one idea Subsequently ho and Captain Noizet, 
coniomtly published ay 01 k, m which foi gentle slopes they adopted Benoit’s 
plan, but oonsidonng it was not sufflciciitly evpiessuo foi sleep inclinations 
the}’' woiked Out foi these a tompheated S 3 stem of aiianging the strokes which 
they thickened giadually up to 16®, at this pomt theio was ashttlo white as 
possible left between them 

In 1828, anothei Fiench Commission on Topogiaphiool Diawing commonood 
then lahoms, having Laplace foi picsidcnt They levcibcd the decision of tho 
Coiininsoion of 1803 concerning tho mode of thiowuig the light on a plan — oon- 
suleiiug that to hung it in at 15° was not only dithcult of eveoutioii, but, moio- 
ovei, oaleulatod to mislead, as it gave to similai slopes, veooiding to thou position 
with reference to the assumed ducction of tho lays, a dilToicnt intonsit} of shade 

It was at fiist piopioscd by the Commissioncis to give ichef to hills by employ- 
ing veitical stiokes of ono equal thickucbS noimal to fixed and cqui-distant 
contouis 


For tho scale of tho distance was to bo 2 5 moties between the contours 
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Thus foi equal slopes, tho length of tho haclmie always remained the same 
whatever tlie scale of tho plan 

It was soon found that if foi gentle inclinations tho stiokes wcio sufliciently 
near to evpiess the giound, for the steeper slopes tho lines would ran into each 
othei. 

The nest idea was to suppose that the light fell vertically on the giound, and 
that the slopes wcio illumined m piopoition to tho oosmes of their inclinations 
with the hoiizon, but this pioved a failuie, because, as the Gcimans had pievi- 
ously found, the mciease in the giiidation of the shade, foi small angles of 
elevation, was not sufBoiently' lapid to cxpiess gently undulating gumnd 
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Finsilly tlio-^ iletcimmed to malvL no In pothtsis ics>pcc(nig flic diree 
#ua tion of the light, bet to locic asc the iiitensiti ot the •^hailo iModucodby 

the hichmea in piopoition to tho sines ot double the angles of tbo 
mclmationa diraiiubhod by 

Tins jilnn gneaan meicaao of shade which is inoie i ipul foi the gintlo than 
foi tho steep slopes, thus enahluig small chnngei. in tlio foinier to In hottei 
C’spresaod Foi tho limit of acocasihlc slope's tin scale giies 11 paits ol bUuIc 
foi one of white paper In cariyiiig out tho ideas of tho CoiimnssioULi s, tho 
piactice was to tiaco lino hachures at a distance apait eipial to { tluir length 
for slopes below 1J° and foi stccpei slopes to mcieise tho tlnekness of tho 
Btiohes progresBii cly, Looping a eonatant distance liotwccn them of i raillunetrc 
By the last instructions issued hy the Depot do la Guouo, tho piopoition of 
black papei to white in hill sketching is rcquiicd to be equal to tho fi iction 
rbte Xii. expiesses the slope of tho giouud x 1 5 The distance betw ten 

the haohurcs fiom a\ia to axis is to bo found by the espiossion, », or 

the distance, = 2 nuii" in which d is the distance m millimetres between 

two oonsooutiyo oontonis, and m and n me oropiiKal values vtii jing with the 
scale of tho plan, aocoidiug to a simple lulo 
Wo have now aruved at a system which to a gioat extent mcotstho conditions 
hud down as necessary It enables the aitist to cxpiess all that is essentially 
necessary, and if theie were not voiy stiong niguments to iiiduco us to piofcr 
that tho stioke pioduung tho relict should bo paialicl to tho contour hues, it 
would moiit our ado2)tion 

It is unneccsaiy to examine closely the woiks which hawo appealed in this 
countiy since Lieutenant Siborn’o cndeavoui to engiaft the views of Lehman 
and Sohieneit on the English mind With the exception of Colonel Frorao’s 
clear and satiafactoiy views on the subject, as etpiessed lu his work on 
Suiveying, nothing has been published toudnig to the piogross ot lull sLetoIi- 
ing, or likely to load to the adojition of a geneial system Majoi hlitohell, in 
1821, published, at tho lequcst of his nnhtaiy fiiends, n tieatiso on Suiveying 
which is eminontly unsatisfactoiy though based— as he tells tho reader— on 16 
years' experience m the art Not satisfied with the tame idea of directing lus 
stioke in confoimity with tho dnoetion which a thop of descending water would 
take, this authoi consideis “ the lulo would bo less theoretical wcie it compared 
to the duection in which a cannon ball would find its way ovei a hill side, and 
that tho effect of the velocity acquiicd mits descent would better tjfplfy tho true 
stylo of hill shadmg ” (') 

The foFowiug year a topographical memoii by Sii F Carmithaol Smith ap- 
peared He highly extols Van Goikum’s system, hut thinks it bettei suited to 
tlie slow and patient tempeiamcnt of the Geiman, than to tluit of tho onoigctio 
Englishman He thoiefoie pioposos sketching m the old stylo, and using Van 
pjiite XTI scale, slightly modified, along some of tho most chnrac- 

teiistic Imes of slope, tlieii inchnations having been determined 
lustrumontally, and noted m a Field Book 
With all due defeiencc foi so gieat an authority, I think it would disfigure 
the drawing loss, and save tiouble, to wiite along these hues the angles and 
altitudes m numbers, and eo save the necessity both of the Field Book and 
of rcfeieiict to n scalo 
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Botli he anil the last unmcil anthoi iccoiiiiiiond the mile shadow system, and 
put foia^aid somo a\cak aigumenls against contoms 

Many of the sketches of the Oidiianco Suntyois aie of gicat bcautj , and a 
genei il system is pm sued amongst them so iai that all the lines used in pio- 
ducing lelwt aiL di iwii m the sanio diicction, hut Hitic me wide diffuences lU 
the ticatment of the same slopes by diitciciit hands, iitLoidmg to the genius of 
the diaftsman Ono man uses scicial thin Inns to cxpiess what aiiothoi would, 
icudci with a few thick ones The siniilaiity of style is a family hkoncas and 

Until very recently the Roial Military College prefeued, and gcncially 
taught, one system, whilst the Eoynl Militaiv Academy taught another, and 
as if to show clearly the necessity of the obligatoiy adoption thioughnut tho 
Biitibh aimy of one method, no soonci did tho Saiidhuist nnthoiihcs gnenp 
then own peciiliai style fot the evclnsnc use of that w hioh had been tiught 
at Woolwich, than foi a shoit season Woolwich chopped lonnd, and intiodueed 
tho style winch liad been chiefly taught at baiidhuist 

Tho histoiy I have gnen ot the sulllssivo impioioments m hill diawing Will, 
I fear, have appealed tedious to many, though to niyselt the enqmiyhas pioved 
one of gicat inteiest It is I think, voiy instiuctivo to watch how men, fiom 
the diflioulty inheiont in the pioblom of lopiesenting longitudinal and voitical 
cetensioil on one plane, weie always diivcn flora then fiist notion of a iiatuial 
repi esentation on ono simple idea to somo conventional mode of ei:piessmg re- 
lief, and how, then, unwilling to confess to tlicinsehcs the tine natuio of the 
expedients they were employing, they souglit foi some natiual law to which to 
refer them How, again, when the law was found whioh seemed without gieat 
violence to fit the case, they hold by it, as it the law had led to tho iille, instead 
of the rule totJielaw, and thereby letaided their pi ogi ess Thus, no soouei, 
Was the system of shading hills by leitical ladiating linos adopted, than a 
theoiy was hit upon to suit the case, these lines it was said repiesentod the 
action of rain watci tiickling ovci the hill sides, and waslung them to then pie- 
sent chaiaotenstio foims Straight lines, producing a stiff and unplcasmg effect, 
a giocoful curve was giicn to them, and then it was suggested that strokes of 
tho long / shape hotter losemblod the natuinl fall of mountains It was diffi- 
cult to make very long stiokes look well, so the hilia weie supposed to lun out 
into foims which allowed them to be made shoit— a dcgieo of impudence sui- 
passing that of Maliomet, who at once gave in when it came to a soiious ques- 
tion between him and the mountain Subsequently, we And tho Fienoh Com- 
mission of 1803 1 ejecting the assistance of contoms, and thus foi yeais lotaiding 
then further pi ogress in bill shading, simply foi tho sake of the fantastic idea 
that the vortical hachuies lepicsent a natuial effect of tho woilangs of meteoio- 
logical and geological agencies Then, attempts weie made to give lelief on 
strict principles of geometrical Qpnsti notion, but the slow liioieosi in tho glacia- 
tions of shade pioducod on this plan weie unfitted to lepieaent slopes of small 
inohnation, and so Major Lehman detoimincd to lary Ins shade with the aiigjo 
of inclmation of tho slope instead of with its cosino, as lequired by the piin- 
oiples of projection Unwilling, appaiently, to confess that tins u as simply 
a conveiitioiial arrangement, designed to meet the difficulties ot the piohltm, he 
accounts foi it by a theory based, indeed, on optical laws, but quite inapphoablo 
to the case with which he was dealing 
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Some years latoi, rvc sco tlio Fioneli Commhsioneis of 1828 iduct iiilU Si' mg 
rip all liypolliofeis deinetl fioin natuio’s laws — ^giving- up tUo cuiMtl foim loi tlio 
liaohuics, excoptiug wIku tent to jiinke them iKipcnclioul ii to toiiioiuf not 
parallel on plan, thus saciifiLiiij» the prettr iJon that ii stiohi liho the tin vi ot 
teanty is most auitnblc for tho itpicstiitnliou ot mouutaiiia—guiiig up t'on the 
nutlioraatical beauty of tho notinii of impuitmg relief on puiiciples ot pair 
geomotiioal coiisti action, tvhich to tho philosophical nniicLs ot Fieneh sarins 
mast have been tho sorest trial of all — and jiiklnig to the stem necessities ot 
then task, 'we see them fall bark on ii method wliieh is purely ronveiitional 
Still, there ■was left nr the cnipiiienl loimuli by yliieli thee deteimmcel the 
(Icgiee oi shade foi eneli slopic, ju&t a soiijii on of lire cuiifiiet the inimls ol the 
Coiiimissioneis had gone through, loi thej iiitiocluLcd into it the of tho 
angle ot its elevation, and it nas onlj in the latest insti'ictums issiud hj tho 
" Depot de la Guciie,” that the Piench snept array this last slued ol pieteu- 
sion to a system of gi'ing relief, based on any thing better than the ooTiren- 
tioiiahsm yhieli seemed best to meet the difficulties of the pioblcm 

A history, thou, of tho pi ogress niado rii mihtiuj topographical dianrng, 
since the necessity to icpieseut rolief rvas first felt, to tho present daj , both m 
Franco and Gormany, is a history simply of successive lehncinouts in the expe- 
dients rvhich the diattsman’s inercnsmg knowledge necessitated He oommeiiocd 
with, eoiivontionalisras ot tho giosscst kuid, and a stioug Iciiiuiig ton aula philo- 
sophical hypothesis, and natmal lopiosentation , and as lus ooiirentionahams 
have irapiovod, he has giadnally giren up all such pictcnsions It is rvoll to ho 
convinced of this, in older that rve may approach tho subject of a system suitable 
for the Biitish airay without lestiamt, and without the tear of being lopioaohed 
With rnolatmg “ immutable larvs,” and of “ despising natuic’s inetoiiol language, 
which is umvoisally undoistood” 

Nobody can say that heieaftei somctopogiaphic giant— aDarvsoii, aBiewstci, 
and a man u ho could invent contours, combined in ono — may not nso and astonish 
ns with a machine which will take and exhibit both vcitieal and hoiirontal 
extension m ono plan, so as to allorv of measuiemonts being muelo with cgual 
aooniaoy in either direction, and, moreover, at the same time, girc the true 
piotonal effect of natuie, but we should bo nnwiso to wart foi this, and in tiro 
meantime we aio dm on to two diatmct methods, though ovhibited on one sni- 
faoe, of attaining our end That is to sav, wo must obtain our clom appiOMwa- 
tions to tho lelative altitudes to bo depicted, by means of numerous guiding 
lercl lines, either themselves allnumbeied, oi admitting of then vcrboal position 
being readily ascei tamed by a lefeienoo to a few altitudes marked on the jilan , 
and we must oh tarn, by shading, the pictorial cfleot which is to conrey to tho eje, 
quickly and -nvidly , such idea of lelicf as is necessaiy to enable us to giasp at a 
glance tbe general confoimation of the giound, and also, tho gonoial chaiactei 
of its slopes All, rvlio have over used a contoui as a topi, will at once conic to 
a judgment as to the best method hitheito contfived for the ffist object, and, so 
long as tho oontom can be doteimined tnsh umentaUy, though only with a 
reflecting level, will at once givo their verdict in favour of the contour , but it 
has been argued that in recomioissance and all hasty sketches ivhei e instrumental 
assistance cannot bp employed, the diaftsman, not finding lus contouis assume 
the positions he expected fiom his detached observations, might be induced to 
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lesoit, to too giext license of (to nse a mild toim) ‘ adaptation ” It Mould be, 1 
think, as loasouablo to icai that a suiiejoi would nnpeiil liis honostj by men- 
suiing a base of vuifioation Suiely both the sui leyoi lud lull sketobei, since 
at the best then results only appiovimito to the tiutb, would bo moio likely to 
fall into ciioi it they iiLglccted to avail tbcnisclvLS of the means nt then disposal 
foi oompaiison and collection Oni might as loasonably fcai to blow the 
schoolboy to piove his sums Wc have iiiado a long step towai da the detection 
ot eiioi wliLii wo aio hiouglil to suspect its oxiatcnco 

A second argument against the employment ot any coiitimious contour lines 
in rough sketches is, that they might lend to the supposition on the part of the 
poison examining tho plan, that the aketchoi felt moio ceitainty in their tiuth- 
fulness than his means of attaining aocuiacyjaatifled, and, indeed, that he him- 
self might be misled by them I do not think, howevei, that theie is any raoio 
force in this aigument than in the hist In oidei to make a sketch the fiist 
piocess must ho to pictuio to the mind what is to ho drawn, and in hasty 
sketching, at least, this must ho done with the suh)ect, as a whole, befoie the 
diawing can have its diffeioilt tcatnics justly subuidmated Practice m the use 
of oontouis enables him to toim this pictuie moie leadily , and coiieoiviiig and 
expi ossmg his ideas by such moans, giv es them fixedness foi his own tutiuo 
oompauaons, and convevs to othcis exactly what bethought Though then is a 
stiong piohahihty that the contom-s will put him light if he has fallen into ciior, 
it is difficult to conceive how such an aid to the cspiession of his detached 
observations can lender his notions less tiustwoithy If his ideas oouoeining 
the relative altitudes of tho vauous poitions of his woik and then lespcotivo 
hoiizontal positions wiU not heai the tests which contoui hnes afford, theio can 
bo no advantage in leaving such eiiois undetected 

To prevent a wiong impiession on tho pait of the pel son using the plan, as to 
the means employed in tiacing these lines, a simple note on its mnigin, stating 
what they weie, is all that is lequiied 

I think, then, there can be no doubt that in all cases the diaftsinan should bo 
trained to use the contoui system ns the basis of hia shading , and foi unitoimity 
of system, it should be presciibed that the contours should ho emplov ed at equal 
mterv als, the interval depending on the scale of tho ydan, and in ci easing oi 
diminishing propoi tionally with it In oi dci also to secuio that both the sketcher 
and ho who uses the sketch shall have the full advantage derivable tiom tho 
contouis, these should bo shown at intervals on the plan with a line, so far dotted 
us L' I'Ui ( t- it= 1 b t not suffi'-icntlv ranked to ntJi LI eve u ip ci- 

sauth liic tick Loiti tLi give V Is* o, ili, ( •, * vcs >t v li i 1 1 jnoin, r tbu 
conioni- hbiill he mil 'd ii di-ts I'cio (hug 1 1 me •’ilee’>ip ivcdinLiiii i ithna- 
ri 111 ot tl e gionnd, I'u y aie so ’c^i iui>ii is 'o nlj J>' -lopi s i he in 1 1 u 1 
up 10 1 j b'lo'iid 1" iL 1 qni hi a .y p(,i 1 i is lo r’le u ’ >. Ii i nsoi 
Blocpm 'lopt', iL s musl bi do n b \ snh luuhc,. . is f le ig tli" ,'iiLilili,' ucc 
bcr'vccn tin t intjuis 

Having dctcrinnied hvA that jmi n i o> '!.e r iSk which - to ; ,i. acciiuv to 
oui 1'eiprs.T' noils of a diavi ig in i 1.. .in'll ’plish n — , iti'VTpii o, hi h 
dr pends or hti let geonicti s u > in-tiu i'»n— wi luve to tonsisr tl i piC'jrai 
di'l cuIlV, cr bow lo give miulm .ei tl ' i the J il inn s i uti* oa' u' ih. iiist 
process 
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For many jciis past, the mb ocatrs of two systems, — llio scitunl sbin uni 
lionzontal stem,— ha\o nagod -Hdi , tlio liitti lias li'iil its fiiuids among 
tlic ofhuiH lit Enginceis, iiid the StiUl ot thi army hno gciKuill} rspoui-cd 
(he cause ot the iciticrl liachurc , and tho question ot supcnoiitj has been 
debated on foul distinct points — icscmbiance to iintniL’s ngonciLS iii pinduciiig 
mountain torms — capabilities foi the cxpiissioii of undulations — pleasing cttoct 
— and facility and rapidity of execution 

With lefeienco to tho fiist point, tin opinion has already liocn eiprcssesl in tho 
foregoing pages The chamjium ol one sjBtcm la not lilcclj to coimncc liis 
antagonint bj geological aigumcnts 

As to the second point, it must be admitted that thoic aro cases in sihieh tho 
horizontal st]lc leaves a inomentary doubt as to -which paits ot tho dialling 
lepresent villous and -which spurs, -ivhilst with tho vcitioal system, ten the most 
part, no such doubt is piodnecd on tho ohsoi vet’s mind foi one instant , but, on 
tho othei hand, in those veiy oases in which the icrtioiil system shows a partial 
Bupeiioiity, — that is to say, when the gioniid consists ot sevcial lounded spurs 
and rounded 1 alleys, without any visible wateicomses to load tho eye— iii those 
Very oases the voi tical system fails in another respect, foi it causes all v alloys to 
look ns if they lan to an angnlai bottom The objection to the houzontal 
system can, I think, he easih lemoicd , tho eye lucicb leqiiues guiding on the 
flist instant, wheie thcie iic sticains, t/icse do it, and whoic tlieio aio none, the 
eye may he led to a coireot interpietntion by dinwing a small niio-w in blue in 
each -lalley, pointing to tho direction in which the water would mn it piescnt , 
01, by so far letnuiing to the old sjstom of lutioduciug light at an angle as to 
indicate at a glance -which are tho hills and which tho valleys, but not using so 
dark a stale of shade as in any way to ohstuio the detail, nor dtpending on li at 
all to convey the i elative slopes of the h%lls i epresenitd Tho defect m tho ropio- 
sentation of rounded valley bottoms by the vertical hachuro is not so readily met 

The third point, that of pleasing effect, hardly admits of discussion, 

" In matters of taste there is no law ” 

And on the fourth point, that of facility of execution, I can scarcely venture 
to express an opinion, as I have never practised the vei tical style, nor witnessed 
the practice of others * The following considerations, liowevei, have some 
weight 

If a sli'ght divergence fiom the proper direction is inado with tho horizontal 
sfaokes, or if they are not quite spaced as tlio aitist intended, tho resulting 
defect IS not disagieeahle , but if the vertical hachuics aie not spaced equally, 
or if their extremities oie -wanting in perpendicularity to the contouis, the 
effect 18 most displeasing. 

For tho higher inclinations the strokes rn the voi tical stylo aic so short, that 
tho representation ot such slopes is most laboiaous 

If a drawing is commenced by honzontal contours, and the sections of the 
ground at ceitnin inteivals can heat be thought out by their assistance, that 
seems to he a very strong leason for carrying out tho same pimeiple for all 
intennediate levels, but docs not seem a valid one for mtioduoing a now 
principle 

• Mnjor Petley, of the Rojal Military College, a very skilful draftsman in both 
eystems, considers that a carelul drawing can be evecuted in the horizontal style, m far 
less time than in the veiticah 
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I thorefoio assume that the hon/ontal stioLo has the moic niimeious nnti 
weighty arguments in its fivoiu, and the sj^sttm of iismg them, which I liave 
to propose, is worked out on the following siniplo piinciplcs — 

To comoy the idea of relief, it is, of com so, neccssaiy to loipiess on the mind 
of the ohseivcr that the points of the drawing, at which ho is looking, rcpicsent 
points at diffcicnt lei els 

It will seem to him n icri iintuial airangciiient that for any assumed unit of 
vertical distance het ween two points on a slope, whntoiei its inohnatioii, the 
hoiizoutal space between them should receive a certain fixed propoi tiou ot shade 
He will also readily admit the idea— the whole plan of tho ground being 
covered with the projections of leiol lines running round the hills, at the 
assumed vertical unit apart— that tho shade is diffused o^ er the wide bases of tho 
gentler slopes, and concentrated on tho narrower bases of tho steep mchnes, cor- 
responding to such unit 

It will not appear a very forced arrangement if he is told that he is to suppose 
tho shading to he laid on in hnes at seimblo distances apait, in the diiection of 
the pioiections of imnginaiy level lines lunmng round tho hill, sometimes in 
numerous fine lines, and sometimes in what mij bo coiisideiod gioups of fine 
lines dxawu touching each othei, so as to foira one oi moio thicker ones, 
aecoiding to tho slope of the ground 

He will, indeed, almost anticipate the last iden, foi whatever tho leason, the 
eye readily enables him to conceive that the thicker lines repiesent the steepei 
slopes, and that so vividly, that it would bo very difficult to dispel tho idea 
when once fomed This is fortunate loi the success of such lull shading as I 
am advocating, for since a consideiable nuinhci of lines aie loquued to expiess 
the minoi undulations of gentle slopes falling between two contours, and it 
would bo impossible to dinw the same numboi, per loitical unit, on the projec- 
tions of steep slopes, thcie is nothing left to us but to run tho hues together for 
such slopes, eithei indiseiiminatelT, oi so as to form thickei hnes with iiiteivals 
between them Now, it cannot bo doubted that the most pleasing and easiest 
way of airanging them will he in lines having a thickness propoitioned to tho 
incieasing slope, tho inteivals between them being giaduallj diraimshed 

This intei changeability of number and thickness in the huts employed to 
pi oduoo relief being granted, wo maj, without doing fiuthei violence to tho 
obsciaer’s powers of imagination, aiiango tho scale of thoir ohauge so as best 
to suit om lequiiemcnts 

A shght variation is made in the thickness of the hnes for the steeper 
slopes according to the scale of the plan, foi the obnous leason that tho detail ot 
a plan on a small scale will not beai so foiciblo a shading as can be apphed, 
Without destroying the legibility of tho detail, on a laigo scale 

The scale employed in assisting the diaftaman to estimate tho number and 
thickness of strokes per unit foi scales of vwinr, and Tiiui; is shown 
Plate XIX diagram, and Hitle need he said, in explanation of its use Tho 

draftsman must of course take care not to give his plan a ridgy appearance, by a 
scmlo adhesion to the equi-distonco of the hnes on the scale, when tho form of tho 
giound requires that tho space between tho strokes and then force should be 
varied , and he must also, between two diverging oontouis, ho oaieful to change 
the number of his strokes, without producing a haish effect The dotted hnes 
should be penned in as the shading stiokes ftio oxcontod, oi they will stand out 
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For nmnv Tears past, tlic luhociiles of two systcnia, — the Tttlu il '.^stcni anil 
hwi^ontal m -. tcm,— haao wn!;i.il tmu , the UiLtci hiib Imd its fnuids among 
tlic ofHccis of Kngineors, and the Stilt of the army Imio gem uilly espoubcd 
the cause of the leitical liaehurc , and (ho ipiestion of Hiipiiionty has licen 
debated on foui distinct points— icscmhl iiieo to intuit'-, agmcits in piodiiiing 
mountain fill ms— capabilities tor th< o-vpitssiouof undulations— phasing cfket 
—and facihtj and lapidity of e-rccution 

With lefcionoe to tho fiist point, nii opinion has alicidy been cTpicssed ui tho 
foregoing pages The champion of ono Bjstcni is not likely to coiiMiioc his 
antagonist bj geological aigumeiits 

As to the accoud point, it must be admitted that fhoie are ciscs in mIucIi the 
horizontal st3lL loaves a momentary doubt ns to vihicli paits ot thcdraviing 
represent vallojs and ylueh spurs, whilst with the vcitical system, loi the most 
port, no such doubt is pxoduood on the ohsoivei’s mind foi one instant , but, on 
the othoi hand, in those very cases in which tho vortical sjstom shows a partial 
Buperioiity, — that is to say, when the giouud consists of several loiinded spurs 
and rounded i alleys, without any visible wateicouises to lend the eje— m those 
very oases the Toitioal system fails in another icspcct, foi it causes all valley s to 
look QS if they lan to an niiguki bottom 'llie objection to the houzonfnl 
system cau, I think, ho casilj icnioicd , the eye inciclj icquiics guiding on tho 
first instant, whore theie aic sticams, <Acse do it, and uhcio (hoio aio none, the 
eye may be led to a ooriect intcipictatwn by diawing a small niiow m blue in 
each valley, pointing to the diiection in which the water would run if piosciit , 
or, by so far returning to the old system of intioducing light at an angle ns to 
indicate at a glance which aie tho hills and which the valleys, but not using so 
dark a scale of shade as m any way to ohscuie tho detail, nor depending on it at 
all to eonveg the relative slopes of the hills lepresenled Tho defect lu the rcpie- 
ssntation of lounded valley bottoms by the vertical hachurc is not so readily met. 

The thud point, that of ploasmg effect, hardly admits of discussion. 

" In ninlters of taste tlierc la no law " 

And on the fourth point, that of facihty of execution, I can scniccly venture 
to express an opinion, aa I have never practised the veitical style, noi VMtiitssed 
the practice of others* The following considerations, howcvoi, have some 
weight 

If a slight divergence from tho proper direction is made with the hoiizoiital 
strokes, or if they are not quite spaced as tho aitist intended, tho iesullmg 
defect 18 not disagreeable , but if the vertical hachnics arc not spaced equally, 
or if then* extremities are wanting m perpendicularity to the contouis, the 
effect IB most displeasing 

For the higher inclinations the stiolces in tho veitical stylo aio so shoit, that 
the repiesentation of such slopes is taiost laborious 

If a drowmg is commenced byhonzontal cmtouis, and tho sections of the 
ground at Cei-tam inteivals can host be thought out by their assistance, that 
seems to be a very stiong leason foi oaii-ymg out tho same pimciple for all 
intermediate levels, but does not seem a valid one for mti educing a new 
pimoiple 

• Mujor Petlev, of the Uojal Military College, a very skilful draftsman in both 
systems, consideis that a careful drawing can be evecuted in the horizontal style, in far 
less time than in the veitical, 
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I therefoie assume that the hoiizontal stroke has the moio niimoious and 
weighty arguments m its tavom, and the system of using them, which I have 
to pi npose, is worked out on the following simple pirinciples — 

To oon^ey the idea ot relief, it is, of coiiiso, necessaiy to 101211085 on the mind 
of tho ohseivei that the 2iointB of the drawing, at which he is looking, rcpiesent 
points at ditfeient lee els 

It will seem to him n lerj' natural airaiigeincnt that for any assumed unit of 
vertical distance between two points on a slope, w hater ci its inclination, the 
horizontal space betw een them should receive a cei tarn fixed propoi turn ot shade 
He will also readily admit the idea — tho whole iilan of tho giound being 
covered with the projections of lerol lines running round the hills, at the 
assumed vertical unit apart— that the shade is difluscd over the wide bases of tho 
gentler slopes, and concentrated on the narrower bases of tho steep incluies, cor- 
responding to Bucli unit 

It w ill not appeal a r ery forced ai 1 angomoiit if he is told that he is to suppose 
the shading to bo laid on in hncs at sensible distances njiart, in tho direction of 
the projections of imagnmy lord hncs running loiiiid tho hill, sometimes in 
numcious fine hncs, and sometimes in what miy he considcicd groups of fine 
lines diawu touching each othei, so as to foim one or moio thicker ones, 
aocoiding to tho slope of the ground 

He will, indeed, almost anticipate the last idea, foi whatever the leason, the 
eye readily enables him to conceive that the thiokei lines lepresent the steepei 
slopes, and that sovnidly, that it would be veiy difiB.onlt to dispel the idea 
■when once foimed This is fortunate foi the success of such lull shading as I 
am advocating, for sinoo a consideiablo nuinhei of lines aie icquircd to express 
the minoi undulations of gentlo slopes falling between two contours, and it 
■ivonld ho impossible to diaw tbe some number, pci leitical unit, on the projec- 
tions of steep slopes, there is nothing left to us but to run the hues together for 
such slopes, cithei indisciiminately, 01 so ns to foim thickci hnes -with intervals 
between them Now, it cannot ho doubted that tho most pleasing and easiest 
way of aiianging them will be in hues having a thickness propoitioned to tho 
inoi easing slope, the luteivals between thorn being giadually diminished 

This luteiohongoabihty of number and thickness in the lines employed to 
produce relief being granted, wo may, without doing fuither violence to the 
obseiver’s powers of imagination, arrange tho scale of their change so as best 
to suit our requirements 

A shght vttiiation is made in the thickness of tho hncs for tho steepei 
slopes acooiding to the scale of the plan, toi the obvious reason that tho detail ot 
a plan on a small scale will not bear so foiciblo a shading as can be apphed, 
■without destroying tho legibility of the detail, on a laigo scale 

The scale employed m assisting the dialtsman to cstiraato the nnUibei and 
thickness of stiokes per unit foi scales of and i u eini is shown 

piauxix 22iediagi am, and hltlo need be said m explanation of its use The 

draftsman must of course take caie not to give his plan a ridgy appearance, by a 
servile adhesion to the equi-distanco of the hnes on the scale, when the form of the 
giound reqmres that tho space between the stiokes and them foice should bo 
varied , and he must also, between two diverging contours, be careful to change 
the number of his strokes, witliout producing a haish effect The dotted hues 
should bo penned m as the shading stiokes ai'o executed, 01 they will stand out 



IbO ON lUL llLrllLBENrArjON or C ROUND 

riatuw too hai blilr. Poi tlio example, Plato XX, diuwn on this h\stoiu, 1 
“ nra indebted to the kindness of Mijoi Petlcy ot the lie's al iMihtiuy 
College 

Notlung need ho said cithci,hc)ond the information guen in tiio following 
tables, of the system ou which the numbei and tbielcncss of these hues 1 i,v\l been 
giaduatcd The object has been simplj to in ike tlio weakness inheient in the 
menus ot icpiosenting lelief least felt in tho repicsoutahon ot those slopes 
which nio of most impoitancc to the tactical mo-venicnts of armies 

It may be objected— and I know it will be, objected— to tlio gcneial emploj- 
mont ol STieh a scale for giving lelief, that it icquiies too mucli erne and 
nttoiition to be of seiuco in oidiniuy tield sketcliing, Imt to my mmd, it hiudly 
needs pioof that if dinftsiucn aio educated to diaw with ictoionco to one scale, 
then oinly piogrcss will not be retarded, and that when obliged to iiiiike rapid 
sketches, then work will nioic nearly appio\imate to one unueraal Imgmgo- 
than if they woiked, each in his own. fashion A schoolboy is not retarded in lus 
progress in wilting, by the copy-slips put bcfoio him , and whereas, if he is, us 
he glows oldei, fioe to depait Irom the forms of lotteis ho was taught, be soon 
runs into an illegible scrawl which becomes woiso and woise with praotice , ho 
will, if ho adopts the piofession of a oleik — whilst he loses little oi nothing m 
celerity— always foim hia letters, howev er lapidly he writes, afica tho perfect 
typo he was fiist taught 

Tho scale foi shading plans with tho pen given iii the following tables has 
been drawn up lU aceoi dance with these "news, and will not bo found matenally 
to differ from that which a good diaftaman, in the hoiizontal stylo, cmplojs la 
hill shading. 

Table showing the number of strokes reguned foi diffeiont slopes — 


1 

2 

3 

4 

Ifumboi of strokes 
tonultod pot vartical 
unit lot the 

BCtilo eaiplo7ed * 

Approiiinato slopes 
for which tho 
number of strokes, 
shown 10 roluipn 1, 
aro to bo omployod 

Appiosimnto nnfflc 
of IncUn-illon of tlie 
slope BUo\3in in 
colanrn 2 

E E M A E R S 

1 

3 

4 


2 

i 

2bi 

The slopes given in eolnmu 

2 are thus obtained t com. 

J 

i 

Ibi 

mencing with the slope i, 
the denominators of the 

■i 

i 

Hi 

ftactiona represeiituig tile 
other slopes are the nppioxi- 
mate numbers derived Irom 
the empiucal formula — 

S 

i 

81 


V» 

Si e 

Denominator = 15 -h 1( 5) 

r 

* 

4 

„ =15*+2f5) 

„ =15’+ 3 5) 

8 

I'l 

2i 

„ =15'’+ 4(5) 

9 

10 

wV 

2 

li 

„ =1 5"+ n( 5) 


* Tho vertical unit here refcricd to is the same as the vertical distances it which the 
ehiiiu dotted contours arc to he sho’wn below 5“ (See next table ) 




ON THE REPUEsrNT\TION 01 QEOUNI) 


Ibl 


Tabie slioiving the distances at nhicli dotted contom lines nio to bo slioivn on 
vaiious scales, and foi diffeient slopes , and, also, the thickness nnd immhci 
of the lines to he used m expiLSSiiig the gieatcst and least slopes — 


1 


3 

4 


G 

4 

•s 

1 

icr 

it-fti aisi 

aricc 1 m feet at v, 

are to be shown 

Utah 

1 

H 

P 

3 K 

is 

1| 

h 

!| 

1" 

32„ 

III 

si's 

l!l 

iii 

For 

— 


ill 

pi 


h 

s 

s 

3 

1 

h 

3 

& 

1 

k 

3 

S3 

a 

1 

! 

h 

1 

'Ihithnc 

dlJJciout 
fracUuns < 

3 of lines 

alopcfl in 

is 

£| 

If 

1 

■si 

£■« 

II 

vAv 

s 

10 

15 

23 

50 

tV 

.Sv 

tV 

A 

10 

JuVir 

10 

20 

30 

50 

100 

»v 

zU i 


H 

10 

TuilT 

20 

40 

60 

100 

200 

sV 

viv 


H 

10 

Tiitiir 

40 

80 

120 

200 

400 

tV 

zh 

iz 

2 

9 

VlW 

80 

160 

240 

400 

800 

A 

zzz 

■^T 


8 


160 

320 

480 

800 

1600 

all 

zU 


4 

r 


The slopes in column 2 have refeience to the table given at p 146 
The greatest thickness for the lines in column J has been obtained by mioiometiio 
measurement from good speeimeiis ot hill sketobing The thickness tor intcimediate 
slopes will be obtained by dividing the gieatest thiokuess by the numbei of strokes 
ooiresponding to each slope given in the preceding table It is not, however, supposed, 
that ni practice, a draftsman can do more than approximate to these thicknesses 
The least thickness m column 4 is obtained by dividing the thieknessea in column J 
by the numbeis given in column 6, they agree with Ihi, micronietric jueasureineiits of 
the llna lines in good specimens of drawing 

Column S has been dettnnmcd with loferenoe to the slopes wluoh appear to admit of 
being shown on the scales indicated in column 1, and from existing good drawings 
The numbers in column 0 iolloii fiom the slopes in column 5, and ire tleuved fiom 
the preceding table e 

The scale also as regaids the efficient diaftsmaii is intended to be n lemem- 
brancer, merely, of the gradations of shade which he, and those who woik with 
him, aie to employ , and, though it nndonhtedly limits his powei to please ns, 
at the expense of truthfulness, it stall leaves him plenty of scope foi exhibiting 
his aitistic talents It appioxuaates, indeed, as nearly as possible to those which 
I hate found to be used by our most effective hill sketchers 
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It IS to be icmemberod that a defect lu shading on tho ininiipli leioin- 
mended only mtciiLjcs ■vritU Ihopiopci c-vpicssion of the piclnimlpait of the 
work , it cannot vitiato the gcneial foim ol the hill which the coiitouis tiaco out , 
and these, by the dofimte laiigiingc Avhich they speak, diock at onti -scm sluoiI's 
inacouiacios 

This, then, is tho system which I haic to propose , it makes no pietentuni to 
oiiginality of conception, or to he suppoitcdhy any learned aigumciit on nmthe- 
matioal or natuinl repiesentation Tho chit 1 aim h is hecii to adopt tho simplest 
forma of conventionality consistent with that dtgite ol inlniahnss ol itpicseH' 
tation whicli is neccssaiy to impnit the idea ol lehef, without stinia on tho ima- 
gination and meinoiy of tho ohstnci, consistiut also with giving aid to tho 
skotchei in his lahouis, and enabling him best to delineate tliose gradations of 
slope which It IS of most impoitanoo to a genexal, in tonimancl of an aimy m the 
field, to read vnth some degioe of accuiacy 


EXPLANATION OF THE PL\TES 

Plate I IS taken fiom Laj aid’s “• Nineveh and Babylon ” It shows the ii\er 
in plan appaiently and the piofiles of the hills, not turned over all m one 111100- 
tion, as was piaotisod at a latoi pouod in Euiope, but lu opposite dueotions, so 
as to hide no p ait of the cavalcade in the sticam 
Plate II IS taken fiom a map of the conutiy lound Pekm, published by the 
Topogiaphioal Department of the Wai Office, from tho Chmeso Map of Asia, 
1760 It illustrates tho ewtrome conventional mode of lepiesenting hills 
Plates III and IV are taken fiom a woik published at Pans in 1636, by the 
Sieui Taasin They show the eaihest stage of tho combmation of the profiles 
of hills with then plan lu tho same drawing Tlio point of view for the bills 
has no command ovoi thou reverse slopes 
Plate V IS copied fiom a map of Luvcmhouig, published at Pans in 1700, 
and lUustiates the nest stage of this combination, tho hills being lepiosonted as 
they would he aeou from, a high hiid’s-cye point of view In the loigox feature 
one sees tho reveise slope of the lull sinking into the bank of thonver Previous 
to the date of this plan, many topographical diaftsmen had adopted the idea of 
showing hills by veitical stiokes in the lines of shortest deseoiit 
Plato VI shows the last impiovemont upon the old system Heio relief is 
very cleveily given, without luding any pait of the plau The pomt of view 
IS almost vcitically over tho giound, and onjj sees the whole of evoiy slope 
represented It is fiom a plan of tho noighhourhood of Stockholm, published 
m 1805 

An examination of the Stiokea used in these plans, and of the / fprm of tho 
hachm‘e employed by tho draftsmen, from whose woik Plates VII, VIII, IX, 
and X aro taken, will, I think, show the true origin of the curved stfoke 
Which was supposed most to resemble nature 
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' Plate YIl IS f) 0 m the ^.^oik ot Hogie^\e, publislicd at Hduo\ci lu llSa The 
diaftsman inLendud to abindon the bud’s eye Byslcm ot itpiesruting hills, but 
the direction of the haduucs is m Bcicial iioitioiis ot the sketch voiy suggests o 
of it 

Plates VIII nud IV aic flora, a Fiencli edition of the woik of anothoi' 
Gerraaii engineei, J H Ilayne, -svhuli tell into tho hands of ita ti inslatoi in 
1798 Figs n and 18, Plate VIII, show the c.uetiil luaimoi in which tho 
diaftsman was taught the mode of diawing the cuiicd hicluucs, and lu Plato 
IX aiu shown tho difioient racthods adopted foi ohviatiug tho stiff appearance 
given by linos of ono length, and foi lepiesentjng steep slopes by ciossmg tho 
lines 

Plate X exemplifies tho difEcultica the diaftsman had to contuicl with in re- 
presenting long slopes by craved hachm os The explanation m tho plan that 
they mean teirstn inegal appeals to show that tlio aitist was not hiraself quite 
satisfied with the piotoiial tiuttifahieas of his peifoimaucc This di awing is 
paiL ot a plan published at Biusscis in 17‘)0 
Plato XI IS taken from a tianshiUou ot tho woik of Sehienoit by two offioois 
of the Staff College, Q H Qoi don, 71st Light Infantir, and J Dodloul Smith, 
of tho Carabineers, published ui 1812 Schienoit's drawings aie vciy haisli and 
nnpleasing, but tho haohuies are noiinalto eontouis tiaced through some of tho 
poipts at which the changes of inclination ocom, and they ludicato m an un- 
imstnkeable manner within oeitain limit, by refeieiico to his scale ot shade in 
Plate Xn, the slopes intended to be lopresented The preface by the tiansla- 
tors of the woik contains very just views on the subject of hiU sketching 

Plate XII gives Sohieneit’s scale of shade, Majoi Lehman’s scale ot shade, 
and also Sir J C. Smith’s modifioation ot Van Goikum’s noimals, which he 
employs to indicate the slopes m a di awing c\ooutod in tho old manuei A 
leferenoe to Plate XVI wiU at once show the use he pioposcd to make of them 
In tho lower pait of the plate is given the scale of shade which loanlted flora 
the labouis of the Fieneh Commission of 1828, and which is still used bj the 
Eoole d’Etat-major and the Ecole Specialo Militaiie The pint At N caiues tho 
trapeziums L, L', L") Ac , in tach of which tho linos a, i, o', i', Ac , indioato tho 
distance of contours coiiosponding to tlio slopes 0 M Q, O' O Q', Ac Tho 
intoivals compused between (L L') (L'L"), contain the lines o, o', Xe , which 
expioas the distances and tho thicknossess of tho stiokos to he employed foi 
lengths equal to a 6, o' &, Ac 

In using the scale, the port comprised between L, L', &c , is cut away, and 
lines o, 6, o', V, &o , oie looked foi, having the same distance between them as 
that of the eontouis between which the shading is to bo commenced 

Suppose a and l> coincide with two neighboraing eontouis, the lines a a, winch 
are normal to a and h, aic prolonged, so as to fill the space between the contours 
The leotangle R R shows the iiicrcahmg scale of shide tor tho slopes of tho 
profile constructed on its lowei bounding line 
Plate XIII 18 intiodnced to show that theie are cases in which the veitical 
system fails to convey cleaily tho distinction between bills and valkye, and 
that it affords a very impeifect means of lepiesenting the hntcr It is fallen 
trom a plan of Mayenee, published at Daunstadt in 1815 
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Plato XIV lb tal.011 lioui Lieut Sibomca Muik on “Militftiy Diawing'’ ii 
lb exeoutod witli Lelimins sti okas, guided indirection lij- contours, os rtoom- 
mended by Scbicneit It piobably aftoids a fan (.pcciiiiLD ol tin, ittcct ^vblch 
Uin bo pioduocd bj Lcliraan's method and stale of shade 
Plato XVI IS fiom the woik of Sir J C Smith and shows his application of 
the noimalb in Plato XII, to indicate the inclination of the most thinitttnstit 
slopes 

Plates XV and XVII aio diawn aecoidnig to the scnlc of shade iihitli 
resulted from the labours of the Fiencli Commission of 182S , Plate XV is from 
the “ Chips do Tojwff? ajJne," by E do Lalobbe, published in ISoO , and Plato 
XVII IS fiom Peiiot’s “ Moddes de Toporji aidm'' published in 18o8 
Plate XVIII is taken from the woiL of M Bardin, who published a lalunble 
collection of diawmgs and models in 1866 It is diawn with Colonel Bonne’s 
modifloation of the scale given in Plato XII, as that of the Commissioneis of 
1828 Colonel Bonne’s scale of shade was for a long time used by the dfi 

la Guerre Poi a scale of tjUv distance between the haehiucs is 
their length for slopes of 2°, and j for that of 30° ceiitigiado It is considoicd to 
give too feeble a shade for gentle slopes, and too strong a shade foi steep 
inclinations. 

Plate XIX shows the scale which ispioposed in the foregoing paper for use in 
the horizontal system of shading foi plans diawn on scales of t^Imn tjVv; mid 
and needs no fuither eiplanation than has been given in the text It 
shows the intervals at which, aceordmg to the scale of the plan and inclination 
of the slopes, it is intended that the diaftsman shall shovv contouis in dots 
Tile French scale m the same plate is that which, was last engiaved by the 
3)ipSi de h Guerre It was found that the scales which losalted from the 
labours of the French Commission of 1828, though well adapted for gently 
undulating ground, gave too much shade for such slopes as prevail in moun- 
tainous legions, and the scale in this plate was substituted for them 
Plato XX is the representation by Major Petley of a hill near Sandhurst, 
drawn on a scale of 60 inches to a mile, by means of a scale of shade almost 
similar to that which is given in the preceding plate. In this mstonoe the 
dotted Imcs represent contours instinmentally determined at vortical intervals 
of 10 feet 

The drawing has lost some of the beauty of Major Petloy’s handhng, tlirough 
the defects of the Photozmcogiaphio process , hut all the illustrations have 
suffered pretty cgually in this respect 


IIENEY SCOTT, 

Capt , R E., and Majoi . 
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PAPER XVII 


FORTIFICATION veisus FORTS, 

OR, 

IlEjrAIlIvS ON THE E,ELAT1\E ADVANTAGES OF CONTINUOUS AND 
Detached Lines or Works 
B\ COLONEL CUNLIFFE OWEN, C B , R E 

[Read at Chatham on Oth January, 186J, and reprinted with a few 
verbal alterations ] 


" Experienee shows that the mode of Foitiflcation is less liable to fluetuation than 
almost my other element of dcftiico ” — Jtiport of the Royal Commmion upon National 
Difcnras, ISfil 

An entuclv new system of Fortification has of late yeais been developed 
among us it ithout any of that professional discussion to 'which othei systems 
hate been subjected, and, as I am one of those vlio aic not yet converts to this 
ne-w system, 1 should bo glad if tbe reading of this papci will elicit some foots 
which will change iny opinions, oi elicit a moio full statement of the reasons 
why some differ fiom me The sjstem to whieh I allude is that of detached 
foits as opposed to a contmuous ditch and lampait foi the defeneo of a position 
Though the dctadicd system has, as I have stated, been nevlj dci eloped among 
us, It IS not the fiist tiino it has hoon proposed It was proposed and warmly 
supported hy many able Fieneh officers as sufficient for the defence of Pans in 
the years 1820 to 1810, hut ottei full and fiee deliberation it was decided that 
a continuous enceinte to suppoit the detached foils was indisponsablo, and it 
was, at an immense national sacrifice, coined out 
AVe have, like the French Engineers, been called upon to consider extensive 
schemes of national defonco, and have decided ditfarciitly It may, thei efore, 
he desirable to leoousider the arguments used on eithei side hy the French, and 
the suppoiteis of the new sjstom will then have an opportunity of stating -what 
new tacts iiave been discovered to alter the pievious decision Up to this time 
no such statement has been made, oi next to none 

The Royal Commissioners of 1860 upon the defences of oiii Aisenals, ■were 
{ \ idem tly not conveitsto Ihtbt views, lor the only material alteration winch 



thf'y iccommciidL(l in tliL system of works snlimitted to them hy the War ODRop, 
was, that they should ho eonnected bj a continuous ditch, and lampait It ranj 
be fts well to quote ne) halivi tho opinions of the Commission on this point AVitli 
teferonoB to Poitsmoulh, they say, pai 79, that “the woiks between Foits 
Comer and Elsoii and the Ililsea lines, should be completed • • * but that tho 
hues to connect tho fiist-mcntioncd uoiks, which it vias intended to thiovv uji 
it tho time ol cipectod attack, should be ol poimancnt constiuctioii ” In pai 81, 
with lefcience to Poitsdoiin Hill, they iccommcnd “ that the woiks shall ho so 
designed that they may heieaftei be connected by lines of ditch and lampait ” 
[ hclicio these uoiks wiU. cioss faio with llilsca hues, and if thesbe the ciso the 
Comimsbiou oven go beyond mo in contomplating a eoiitmuous line At Ply- 
mouth, on the NoithlLast, they say — “although, accoiding to the piineiples 
usually adopted, and which wo ouistlvos hare in othei eases leooramended, it 
would he desirable to piovide ou innoi enceinte to suppoit the outer line of 
detached tool he, oiroumstances rcndei it necessary m this instance to adopt a 
diffeiont plan We acooidingly recommended that the outer line of woiks should 
be connected hy lines of ditch, and lampart ” At Antony, par 97, “the only 
suggestion we hate to make icspecting them” (the woiks in course of construe 
tion) “ IS that, instead of connecting the woiks by lines tin own up at a time of 
espooted attack, as was intended, a pennanent ditch and lampait should be 
constmoted between them ” At Saltash, par 99, “ we consider that these lines 
should bo oouncctod by peimanent ditch, and rampiurt ” At Staddon, piar 108, 
the same leeommendation At Pembioke, pai 117, tho same 

Prom these extracts it will be seen that the Butish Commission of 1860 arrived 
at the same conclusion as wo shall piesently see was oiiived at by the Piench 
Commission of 1840 The Fiench Commission had presented to them designs 
foi continuous and detached woiks, and adopted both, tho Biitisli Commission 
Lad a detached system only before them, and mooipoiated tho contmuous system 
With it 

Smoe then, in our Coips Papers of 1860, an ofScei, who must have known 
Bomotbing of the lepoit ol the commission, has favoured tlio ooips with a coie- 
fully diawn papei upon tho woiks now in course of execution foi the defence 
of our Aisenals and Hockynids, m which ho makes vciy shoit woik of this 
rooommoudation of the Commission Ho says (pai 11), that " when the extent 
of the positions now neccsaaiy to bo occupied is consideied, it is evidently impos- 
sible to occupy them hy continuous hnes , ” and tho loasons given foi thus sum- 
maiily quenching the suggestion, almost the only geneial piofessional suggestion 
ol tho ComnuBsion, aie — “ bccauso they must be manned throughout then whole 
extent,” and " hecaosc they will fall if pieiced at any one pomt ” 

Tins asseitiuu is, however, mads -with cousidciablo icsclvc, foi ho still flunks 
it necoSsaiy to considci " whether the detached woiks shall be connected with 
lines, 01 supported by an enceinte, or hy other detached vi oiks in their real , ” 
and tuithei on (pai 62), he says, “it cannot be svppoacd that an enemy would 
be able to pass between tho detached woiks, eithei by day oi night, accompanied 
by tlie guns and supplies of ammunition neoessaiy to bombard the place, or 
attack the woiks themselves in tho leai,” but that “a rush of infantiy dming 
tho mght” 13 just piactioahle, and that if such an cntiauoo could lead to admit- 
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tiiig the fiicm\ ut iny othci bj sci, a coiitinuoii? line would bo lequued 
Ho nlho admits tliiit a contiimoub lint imglit bu icqmiLtl “ ubtio the sx’io'id of 
buildings, 01 thu cost ot hud, icikIlis it inoie ca'iu.dioiit to connoot tbo works by 
such a Imc, lathei than tho nioie coiicct piinciplu of loimiug an ouceiiitc to covoi 
the point to be piotccted ” The continuous ditch and lanipait of the Commis- 
sion IM, thciefoic, not so “ ciidcntlj iinpobsihlc,” but that it must in many cases 
bo adopted Tbo autboi of the papei la clcaily not an out-aud out suppoitei ot 
the detached torts, that ib, ho does not considci them all sufficient , he wants an 
cncointe louiid the place to innLc up foi the fallibility of the outei lino, but not 
to auppoi t 01 00 opci ate with it 

Tho cnccinto of old cngmecis, liom the days of Nimiod till now, has been 
thiowiug foiwaid outwoiks, then detached woiks, and now the detached woika 
chnllonged by the 'timstiong gun, maioU boldly foiuaid tuo oi tinea miles to 
gno battle on then own account, and leave then paicnt enceinte hlie an old 
pensioner to do tbo police of the intoiioi Its piopoitioiis aio loducod to “ an 
ly feet wall bid m a ditch,” and it is spoken of so dispaiaginglj, that it w'lll 
soon viinibh altogcthei iroin the scene 

The gcneial plan given with the papei shows thieo foits about a imlo apait 
aeioss an isthmus between the sea and a iivci The iioint to bo piotected must 
either bo at tho end ol that pemnsula where the iivei luns into tho sea, oi neai 
the end, peihaps aeioss some aim of the sea I should like to know wheio, in 
this Inttei cose, the tnccinle would be placed, foi tho aim of the soa w^ould 
piotect the place horn “a rush ol infantiy,” but would not pioteot it fiom bom- 
baidment I mamtain that, except in some \ci-j oxcoptioiial cases, the whole 
of the giound within the line maj bo held by a poweifol besiogoi, tho line of 
forts leniamuig mtaot 

The authoi must excuse mo if I attack Ins papoi so closely Ho is an old 
fuond and comndc of mine, and I would lathoi on all accounts ngice th m diflci 
with him, but he has alono among Enghshmen icntmed in punt to bo the 
apologist ol these new woiks, and 1 cannot avoid making his papei almost tbo 
text ot mine Befoio giving my own icasons for ditleiing from bim, Iwdl 
collect, as fai as I can, tho opmioiis of tbo Punch officeis mioti the foitifiontions 
of Pans I cannot, howcvci, admit, even hid they ariivod at tho conclusion 
that detached works wcie tho best foi Pans, that the icasonmg would apply to 
Portsmouth oi Plymouth Pans is the metropolis, moie than the motiopoLs, 
of Fiaueo With its fall the whole oountiy must fall, and, theiefoie, in case of 
a successful invasion, tho whole of the lemnants of tho defeated aimies of Prance 
would letire, as a mattei of course, upon Pans This force would he supported 
by a laigo and waihke population, aud a few well chosen detached woiks would, 
of couise, matenallj stiengthen the giound upon which tho last battle had to 
bo fought, ev cn if they did not lendci the position impicgnahlo Any pow ciful 
and inaeoessihle hatteiy must be us good, peibaps, as many thousand men on a 
field of battle, but then thoro must bo an aimy to fight behind the works, and 
not a meio garrison such as would be ample for a place icgulaily loi titled If 
wo could always be suxe of having 50,000 meh foi tho defence of each of our 
dockyards, a few, and not veiy foimidable woiks, would enable them to fight 
100,000 men upon an equahty, but 10,0o0 men would not have a chance though 
they would form a respectable gaiiison foi n laige foi ti ess 
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The filst man who pioposed the fortification of Pans in modem times was 
Vaubau, and tie lecommeuded a &ist oontimioiis hue on the site of the anciont 
woiks, 01 “ Boiileyaids,’’ and a second, also continuous, 2,000 oi 2,o00 jaids in 
advance to pievent bombardment He piopostd to covei the gates by lavelms, 
and oven to carry both enceintes acioss the Seme on aichts ' “ Atm d’eviter la 
defaiit pai Icquel Cyius put Babyloiie ” Continuous enough in all oonscicnee • 
The next was Napoleon, and he was also foi a continuous hue It was in tho 
midst of his tiiumphs, when the fall of Vienna followed upon the capitulation of 
Uhn and piepaied the way for Austerhtj!, that ho looked foiwaid to the time 
when the sUife might ho tiansfeiied from the valley of tho Danube to that of 
the Seme, and he then gave instructions for studying the question of the foititl- 
cation of Pans At St Helena he gave a geneial idea that it should consist 
of from 80 to 100 fionts of fortification, and this is homo out by Geueial Haxo 
to whom he gave moie special peisonal instiuctions while m power Scarcely 
had the Army of Occupation of the Allies left the Fionoh teriitoiy, m 1818, 
before a commission was appointed, of which Marshal St Cyi was piesident, to 
consider the means of foitifying Pans, and place it beyond the i each of tho 
catastrophes to which the leigning dynasty owed the thiono The question sub- 
mitted to them was, whefhei it was advisable oi possible to foitify Pans ** they 
answeied m the afflimative, but added, “Hlle ” (the commission) “ n’admet pas 
que cette ville doive Itre defendiie comme uue place oidmauc par une gainison 
renformfie dans une enceinte continue EUe est d’avis que Pans doit etie foitifle 
par des ouvtagos Stablis sui quelques points culminauts qui Tonviionnent , oes 
ouvrages sciviiont d’appm aux troupes destmees la defense de la capitale, et 
auront en outie poui objet d’bloigner le bombaidoment et les attaques sur son 
mur de clutuie et les bain^res ” Then commenced a busk discussion between 
the advocates of the “Enoemte continue,” and that of the “Foits Dfitaehes,” in 
which soldiers, oivihans, and statesmen took pait, and which filled magazines, 
pamphlets, and newspapers for the next 20 years Tho advocates of the encemte 
most quoted and considered, besides Vaubau and Napoleon, weie Generals Pelet, 
Valazfe, and Haxo, Thieis, the histonan of the wars of the levolution, and Arago, 
afterwards Minister of War undei the Provisional Government of 1848 Theprm- 
cipal partizans of the Foits DetaohSs were Maishal Soult, Qeneials Rogniat and 
Bernal d The discussion even took a pohtical turn, the paitizaus of the foits 
bemg charged with wishing to enslave the Paiisians, and one of my own earliest 
recollections was, in 1831, heaiing the ones fiom tho lanks of the National 
Guard, as they passed m leview befoie Louis Philippe, “ A has lea Bastilles ” At 
length the year 1840 came A treaty was signed by four of the Great Powers 
contrary to the policy of Fiance in the East j and Fiance, fearing she might he 
again exposed to the attempts of a European coalition on her own soil, detei- 
mined not to postpone the fortifications of Pans any longer A committee of 
the chambers reconsideied the whole question, and all the opinions that had 
been given, and recommended hoih the enceinte 'knd tho foi ts The president 
of this committee was M Thiers, end had General, aftei wards Marshal, Bugeaud 
for a membei 

I will now endeavour to state concisely the arguments used on both sides , 
and tliose of my brother oflacers who wish to judge whether I state them faith- 
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fully, m am rtn\ioii«i fai a fiuthci fliTclox)iii( nl 'if them, nn^ lonsiilt the collce 
tion of tiacta ivlucli 1 ha^e made, and ^\huh I pichtiit ^\^lh much pleiwuio to 
the Chatham Libiaiy And fii&t it mint bo undeistood that Pans had an 
enceinte aheady , oucted, howcici , foi adraiiiibtiatnc pin poses only This \v is 
the “ Mill d’Ootioi” nhich oven the paitisnns, of the loits M'lshcd to put m a 
state ot defence It was piait of thou pioposil that it should he rniacd to a 
height of 20 feet, that a hainiucttc 6 feet high should lie loiincd within, that it 
should be loopliolod throughout its length, and that flanking toiveis sliould bo 
erected Two thousand metics in advance of this w ill, that is, on the hue ot 
the piesent enceinte, a line of outwoiks was to have been elected, the file of 
which w'Quld, except so fai as the giound was coioied bj buildings, command 
the whole of the intervening space The paitisaiisot the cnccintc wcio foi that 
now erected wathout forts Niithoi party calculated upon tho countiy being 
wilhng to pay foi both ciicomte and foits ns was nttciwaids the cose 11 is to 
be obseived thiougbont tho discussion that the piogicss of the ait of wai is 
never guen as a leason foi adopting mew kind of foitifieation Detached loits 
aie not advocated as a nciv aj stem, but i ithei ns an old one, ot foiming a stiong 
entienched camp nnJoi tho existing wall of Puns, instead of making Pans a 
regular foi tress It is tho “ defense aeti\ o ” against tho “ defense passu c " The 
system of mancouvring and fighting the cuomy uudei cosen of tlio woilis, against 
that ot setting tho aimy fioo to manemme and fight elsewhoio if moie advisable 

Tho following exti acts fioni the opinions of the adioeatesof tho foits will 
abundantly piovo it — “ Si I’onnemi osait so Iniii a. q^uclquo cntiepnsu pom so 
poitei sui Pans, il no pomiait le fane qu'en mo passant sid It coips, co qui no 
serait pas facile on laison do laaalom dcs tioupcs etdes ouviagesdefoitifleation 
ausquelles dies s’appmeiaiciit ” — Soult 

“Joneyeua. pas conveitii Pans on uno iraineiiso place do guciio pai uno 
enoeinto do siigo ” — ^Rogniat 

" Or, uno bonne defenso no pout sfticmont s'obteiiii qii’ineo dcs foi cos aetnes 
proportionnies aux fotees do Veniiemiot appujtcs sui do boiis ounnges exte- 
neurs " 

“Lo system do foits avaneis foiniant un lasto camp letianehe, obligeiait 
I'ennemi 4 ae diaseminci sui dcs lignes ties etcnducs, tandis quo notn a/ mce 
rSguhei e, maltrcsso do tous Ics debouches, pouiiait constamment iiieiidio Tmi- 
tiativo * * * • dans un iiiyon do doux ct meme do tiois jmunecs do 
maiche Dehnard 

Puithor, it seems admitted on all hands that the garrisons of the foits, and 
the troops who meet tho enemy in tho open between thorn, must ho mainly 
regular tioops, but that tho onccinto may ho m gieat iiioasuie defended by tho 
National Guards and Volunteers 

I will now set side by Bide the leasons ndiarccd by both paities 
Arguments for the Ports, and Arguments foi the Enemnto, 

against the Enceinte and against the Ports 

1 The encointo will he no secuuty 1 It tiill bo quite us oifootii o as tho 
against bombai dmeut forts it traced at tho snino distanco 

fiom the town 



no 


tOUTIFICinON V ruRiS 


2 Bombardment it. abovo nil tbings 
to bo a’^ oided. 


Vienna, in 1808, Buiiendoicd at onco 
undei the liio of SOtnld bowitzeis 
3 Tlio enoeinto will not isolate tlio 
gairison fioin the population, who 
might oompd a gariison to suiicndoi 

d The escalade of the enceinte in 
one pait would lender the uholo of 
the rest useless 


5 'The length of a continnons lino 
loundsuch a capital as I’luis is oiit- 
iDgeoiis 


6 The oipenso in land and works 
of the detaohod foita will be less than 
that of the enceinte 


2 The effects of bombai (Uncut iic 
much cxaggeiatcd Louis XR tiiec: 
m two days (August, 1091), 3,000 
shells, and 12,000 lecl hot shot intc 
Brussels without soiions cftoct Lilk 
received 0,000 shells niul 20,000 shol 
in hi-v days without much damagt- 
Ocnoa was bombaidcd thicc time' 
without result 10,000 shells were 
thrown into Saragossa, and it had 
aftei all, to bo taken by legukr ap- 
pioaches In 1757, Ficdeiick the 
Gicat bombarded Pi ague foi twenty- 
two days, the Spaniards, Gibialtai 
twice m 1782 , the English, Havre 
twice in 1769, without the place- 
fallmg In Landau aftoi eighty days 
siege there aie said to have been nc 
moie than five casualties among the 
citizens 

3 The enceinte, on tiro oontraiy, will 
be defended by the inhabitants, who 
would be loath to leave their houses to 
gairison a detached fort 

4 Escalades have seldom, if ever 
been successful against eseoips of n 
full height Tho auoeessful escalade ol 
Beigen-op-Zoom in 1814, and the sur- 
piiseof Cremona in 1702, ended m dis- 
aster to the attacking party 

6 Tho length is 40,000 metres, say 
25 English miles Countmg the out- 
works, coveiod wars, Ac, Lillo hat 
31,000 mctios of poiapet (before it‘ 
e-vtension, now in xnogiess), Stias- 
bomg 28,000, Metz 21,000 meties 

6 Hot to any groat estent 

Tho final estimate foi tho enoomte 
was 76,000,000 trs 

/or tlio forts 60,600,000 „ 

genGial'fo-vpcnses 6,300,000 „ 

142,600,000 „ 

If to the ostimato foi the foits be 

added that loi sticngthenjug the Mm 
d’Octioi, the diftcicncc will be less than 
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7 Tlia oiicmy cou’cl not pass in any 
nurabeia uiidoi the flic ol the detached 
woiha 


The only icjouidei to those two facts 
I hnd are h} Captain \illenou\c, who 
says, that if tho Spanish light flaiilc 
had been joined by woiks to Foit Ciis- 
tnvnl, tho Ficnch could not ha^e done 
what they did, and if the outwoiks of 
Soliweidinl^! weie escaladed so would 
an enoeiuto have been The tact, how- 
e\ ei , remains, that tho assailants passed 
botueon the woiks to escalade them in 
the lear 

Many suppoiteis of the foits ad- 
mitted that a column could loach the 
Mur d’Octroi but would bo stopped 
by it 

8 Tho enoointe will piovent soities 


7 He could Napoleon, witli the 
aimj which fought at Maicngo, passed 
undei tho liio of Foit St Baid with all 
hiM aitilleiy and baggage It is said 
tho distance was half niuakot shot 

At the battle of Gcvoin, in 1811, 
undci tho ualls of Badajo/, Gonoial 
Gnaid being oideiod to attack the 
light flank of the Spaniards, maicbcd 
luB division m column to 1,000 meties 
fioni Foit Cristoval, and foimcd line 
with the flio of that foit m his icai, 
and that of Bndajoz 600 moties fui thci 

At Schwoidmtz, in 1761, theie were 
m advance of tho place five detached 
woiks, with mtoivals of 500 yards be- 
tween them, joined by covered ways 
Landon passed ovoi the coveiod ways, 
attacked and took the outwoiks by 
assault in real, at the same time that 
they weie attacked in fioiit 

8 Notifpiopeily oonstiaioted Theie 
IS no lecoid of sorties having found a 
difficulty in enieiging from and le-eii- 
teung a foitiess oaen on a huge scale 
AVitiiess Dufay’s soitiea ftom Plulips- 
bouig 111 1776 Caho’s from Maest- 
iicht in tho same yeai ^Vlafflel’s fiom 
Li Ik m 1 706 Those of the Tm ks fi oni 
Shoumla iii ISIO The gariison of Al- 
meida, 111 1311, sallied out in one body 
dining tlio night, passed thiough tho 
cantonments of tho English army and 
escaped They might haa o added tho 
mcmorablo soitie of Loul Elliott from 
Gibialtai 


From this discussion I gathei that no French officer evei proposed a system 
of detached foits as a bcttci sjstcm ol foi tifieation than the old line , tint no 
one thought the position eould bo detendoel by a smaller aiiuy catteied lu 
detacbed forts tliin if guaiding a continuous line, but man’i thought tUal Bans 
should be made an mtienchcel eamp, and not a foiticss at all, and that as tbeic 
would bo no lack of men to defend the mctiopohs, detached foi ts w onld bo bottci, 
cbeapci, and less in the wij than a continuous line Thoic is iFo, ovidentlj, 
an iiiidei cmient of doubt as to tho political^feclings of the people Many 
solaiois remomhered wulh gntf the acclamations which giectod tlio entiy of the 
allies into Pans, they leinembcied the excesses of the first lovolution and pio- 
fentd lemoving the defence of the capital as much as possible fiom the infiuonco 
of the populace The othci .school looked upon this icu popiduro as llu gu.itcst 
dement of sneiigth 
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And now I oonio to the pioposal to adopt tins s'^’-stcm ot detached oiks ns tlio 
moans of making an oidinaiy foiticsa, oi of occupying an extended Imo in 
advance of existing woiks, and leaving gionnd between not soon fioni either 1 
maintain that ui the one ciso the x>lace can bo taken at once by supeiior foicoa 
pissing through the openings, and that in the socond the giound between the 
inner and the outer lino may he ocenpied 
I will take the author’s statements sti mtun Wo aic told that — 

1st “ It 13 evidently impossible to oceupy positions so extended by continuous 
lints ” 

I am pi ccludcd in aiiapoi of this laud fiom discussing paiticulai oases, hut 
the woiks iccomraendod by the llojal Commission, for Land Defences raeusiiie 
about ns follow — 

Poitsraouth 12 miles j Milfoid 6 miles 

Plymouth 10 - I Chatham 10 - 

Tlioro is nothing moic impossible in 10 oi 12 miles of works than m 10 or 12 
WQiks a mile niiait, nor would they cost more The bombpioot accommodation 
maybe the same, the caponiers less numeious The escaip of the detnohod 
WOiks IS fully eq^ual to covei half the distance, the couutoi scarp moio than half, 
and much of the expense of Haxos may bo saved, as it will no longei be ueces- 
fliiy to expose faces to diiect enfilade Tlie intPiioi enceinte, the necessity of 
v\ hioh IS admitted, is also saved The continuous enceinte oi Antwoip has a 
development of 12 miles That of Genoa, 6 miles, and suiely the length of a 
position 13 no excuse foi making it wonkci Thcic oie, fuither, gieat diftioulties 
on biolcon giound in getting the whole fiont of a position seen fiom a few points 
along its Cleat, which aie obviated when cvciy point of the line may, at will, bo 
turned into a battery oi occupied by muskctiy An inseparable condition of 
detached woiks is, that not only the gi ound in front, hut that between and 
behind the woiks, shall be biought under ftie, which calls foi heavy cuttings 
and tiUings, fiom which a continuous lino is lieo Impossible to an engineer 
moans expensive oi absurd The above lemaiks will show that oontmuo’is lines 
equally long have been executed, are being executed, and aie not moie expensive 
than the detached lines pioposed 

2nd “ A continuous line must be manned throughout its whole extent " 

Who, may I ask, ovei pioposed to man anj work of foitifioation throughout 
Its whole extent The fortification is there to stand in the place of men, or to 
enable few to do the vyoik of many The stiongoi the woiks, the deeper the 
ditches, the highei the scarps, the fewei tioops will be lequiied To caU foi 
moio tioops because a position is made moio defensible, is to admit that the art 
of the engincoi is siipeifluous, oi that the position need not he taken up at all 
The model foits piesentedto us have a development of 800 yards, measuied on 
the escaip, and aie each flanked fiom five pomts, with an aveiage range of 120 
yaids In loinici times, when the efifcctive iaiig(?of flic aims was oue-fomthof 
what it is now, 300 yards was tonsidoied the distance which should not be 
exceeded tor an efficient flank Supposing a capomei front, this would give 
600 yaids, which could be flanked fiom one efficient caponier Three such 
cipoineis would secaroalme one mile long, and with a good soaip and ooun- 
iL'iscnip, if those thico caponieis aic manned, theie can bo no access to the 
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hues except by a legulai siege The caponier fioiitb of Antwcip, now in coniao 
of consti notion aie, I inn told, each 1,000 nieties long 

“VVe aie gn en as a specimen a line two miles and a quarter in extent, the foi ts 
of which require being watched at 15 points Tho same giound might bo 
Corel cd by a continuous lino, tlioioughly flanked from seven, if not from fivo 
points A single battalion and a company of aitillery would, on a pinch, make 
the continuous lino sccuio fioin surpiise oi escalade, wheieas the same nuinbei 
of men would bo scarcely sufficient to look aftei the three detached works, and 
must Icaie the intciials to take caie of thcnisolves 

Supposing two armies in pioscnce, works oi no works, the least precaution 
which can bo taken is to have a line of sentries in the night upon, or in fiont of, 
the works, withm call of each other , that is to say, 65 yaids apait, or allowing 
lor Binuositios 30 per mile — b" sentries foi the line undci discussion — which would 
theicfore regime a gunid of 200 privates It would requne a stiong battalion 
to fill null that guaid day after day, and the ganison could not be lesstheie- 
foic than a battalion AVitb this nnnimiim gaiiison and a 30 toot scarp, tho 
continuous line gi\cs fair seoiuity against csenlade 'I ho detached forts, to bo of 
any use, uqiiue besides a stiong manoeuviing foico in then leai, ready to meat 
the enemy m the open and ncaily upon equal terms Of tho two, most decidedly 
the detached lino roqunes most “manmng ” 

Bousmard gives 600 men and 10 guns ns a sufficient guaid for one league of 
a continuous line on a field profile ' (See Book v. Chap 8) In fact aU that 
Bousmaid says m that chaptci is well woithy of attention, and bears directly 
on tho question botoie us 

3id “ A continuous lino will fall if pieiced at any one point ” 

So will any line, andtlio detached hue has this disadvantage, that it is pierced 
aheady at all points Tho paper in question makes ineny at the expense of 
anothoi projootoi, for omitting his escaip, and depending entirely upon his 
oountersoaip, and says it makes a “pcimancnt and continuous bioacli, so that 
when the oounterseaip is blown in, an assiulting paity may walk up an easy 
slope and sit down on the rampait” Adiocatos ot detached hues are the last 
persons who should make this a repioaoh lo blow in a countei scarp requires 
an enemy to have efiected a lodgment upon the top of it , and according to our 
present information, to effect such a lodgment lequiiea much ceremony and 
time No breach can ho so easy as a pioce of open country 

4th It IS stated that “ an enemy oould not pass between the foits with guns 
and ammunition sufficient to bombard the place oi hatter the forts in rear — hut 
tliat mfantry might penetrate 

If infantry can enter they can do so in any numbers Columns of infantry have 
attacked and carried lines of intionchmont fully manned and armed, and suiely 
can march by snob a flio for a short distance, as tho instances quoted above 
will prove , and when they have gained the unoccupied ground behind they can 
remain theie, intieneh thcrasSlves if they will, and cut off all communication 
between tho torts and the inner line, if there be one The next night they can in 
all safety bring m guns and open a fire on the ^rge of the foits, oi on the inner 
luio Guns, he it lememheied, are generally biought into batteiy during the 
night, over giouud commanded bj the file of tho vvoiks 
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BlsuIc'., plastically, tlioic must bo a flank to tlicio lines The cases aiu ^o^y 
IcWMheie a oo\Lied painllel nia> not he foimed between the cvtiemilj of the 
hue and the soa, oi louiid tho flank of tlio lines, on which there will be flic only 
flora one side, and fiom that inomeiit the communication between tho inside and 
outaido ot the lines is complete and constant Yon all hoio piaotioe double saps 
and halt double saps poichcd on the ciostoi tho glacis, and exposed to the cioss- 
tiie of two adjacent raaelins, and I cannot donht but that double lines ot oommu- 
incation might he foimed, G\cn between two adjacent woiks if it weic necessary 
5th It lb ndniiltcd that an oxtciioi enceinte is necessary wheio an intoiioi 
one cannot be obtained 

I think the pait played by an enceinte in a combinatiou of continuous and 
dclaohed woiks, such as that of Pans oi Autweip, is hcic lost siglit of Tho 
enoemto has not only to oovei the toitiess tioni being lun into, but to command 
the intoiials between the forts and the whole of the intenening space With 
such nn enoemto the torts can only bo icgulaily attacked m fioiit In case of 
ail attempt to pass between the foils, such troops of the garrison, as may ho 
ohseiviug the hesiegeis outside the woiks, have only to fall back leisurely upon 
the foita and enoeinte, tho cross-fiio of which must lender all poimanent lodg- 
ments impossible The same would be tho enso, if, as pi oposed by Montalemhci t, 
theie weio two oi moie lines of detaclied foits in advance of tho onoemte, the 
innei foits flanking the openings hotwooii tho outoi ones, and the inner forts sup- 
ported by nn euoemtc , but to place an isolated line ot foits n mile apart, 8,000 
yaids 01 so from the place, and to expect any real use fiom them is qmte a novel 
idea, and I think I have shown ns false as it is novel In only one case could it 
ho right, and that is in a case where the command of tho enoemto is so great or 
the country so flat, that with oui new ai tilleiy no oovei would he left to an enemy 
within the line of forts • 

In speaking ot tho cost of the woiks, I have alluded to tho saving in Haxo 
casemates in a oontmuoiis hne This point deeeives more attention It is a 
necessity of the proposed system of works that they should have powerful flanks, 
not only as in a bastioned enceinte to flank the ditches of the eollateial bastions, 
hut to sweep the giound between the woiks These faces must thoieloie, by 
then natmo, be subject to enfilade, and must, jioreovei, ho constantly aimed, 
whether the enemy aie attackmg on that side oi not, foi ov erything depends 
upon them, not only against sioge but against suipiise The model foit shown 
would mount 10 guns on ouch flank, and that would bo a very moderate hattciy 
to perfoini the marvels expected from it We have, theiefoie, 20 guns a fort 
diverted fiom the geneial defence of tho foitioss to foini an “armomontde 
sdrete,” and foi these, besides the guns m caponieis, powder, piojectilos, and 
aiote still more piecious aitiolos — gunueis — must bo provided and always icady 
In fact when these forts aie not bristling with aitilleiy they aio quite powoiless 
Now the aitilleiy lesomcea of most places aio limited, and will bo required upon 
the fionts of attack Fiom 200 to 300 guns, nnC the means of worlang them, 
is the most that piactically we could make available foi tho defence of one of our 
foi ti esses, hear in mind that ril the rcsomces of thecmpiicweio required to 
hung that number of gnus into battery before Sevastopol, and not moie could bo 
e Oi, as I hive btfoie stated, when you cm calculate on having a very laige force 
to defend lliciii 
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(lone bj a meicgamson howevei stioiig “iow whole iiiinmcnt will, tlinefoio, 
he Tcquiied loi Ihc Hsiiks ol ■\oui woiIls, wlicicis two light guns, in each flaiih 
ol 1 bustioiiod eiKuule aie cimsielcicd sulhcient against an escalade, and sn', b 
guns pci capoiiiLi m the Anlwcip lionts 

Then gient stoio is laid upon the keeps of theso huts Well, keeps aie in 
thou w av ovcellent things, it ave can iltoid them, hut thca aio attci all iiilig 
adjiinots To haao a keep m a bastion of a avoik fioin winch the summit of the 
breach can be commanded, and into which the guaid miy icticat in case of an 
escalade, IS aoij aaluable, but it cannot be oompaitd lu irapoitanco with the 
curtain which ooiuiccts the bastions 

I have been reminded of Tones Vedias, hut Tones Vcdias avns an intieucliod 
camp and not a foiticss , it w as gamsoned by 45,000 men, and the Fionch aimy 
was little Bupeiior to the gaiiison m mimhors And hcai what fni John Jones 
says about these hues (Piof Papeis, 4-to Senes, Vol III, p 28) “A successful 
defence of the lines hinged iiltogethei upon the umcmitting vigilaiioo, able dis- 
position, and lapid movements ol the dcloiideis One single eiioi of jiulgmont, 
Ol ono single misonkulation of timo oi distance, might bate icndeicd the whole 
hno of works useless, foi field icdoubts left to then oavn gaiiisons, oacii wlien 
thickly studded, can only bo expected to impede, turn, oi disoiganise a oolumii 
of maioh with its aitiUcry, iut never to oppose un unpenetrable harrier to the 
advanoe of a power Jiil and detei mined armn ” 

Then the Venetian Quadnlatoial is quoted, and I am asked to accept a i edoubt 
as a repiesontatioEof afoitiess' But even if the compaiiaon weie pi&t, the Ve- 
netian Quadiilaioral is nothing without a manoouvimg aimy in the field With 
an army nuniciioally stiong enough to fight a battle so ucaily diawn as Sol- 
feiuio, the Quadrilateral was impiegnablo Even had the Austiians been moio 
thoroughly beaten they would have found gicat use fioni then foiti esses, but 
had they moiely had small gniiisons toi the toui places a poweifal aimy could 
have marolicd thiough and left them behind A single foitioss has often made 
a long and heioic defence against voiy gicat odds, hut what system of isolated 
woiks ever did? It was because the invaders of Eiancc in 181.1, and again in 
1815, maichocl thiough the lines of liontior loitiosscs almost as if they had not 
existed, that the Eiench determined on malaiig a gicat national saciifioe to 
foitify Pans itself 

Again, why should we Enghsh Engineeis, who have had less opportunity' of 
consti noting largo works than those of any other country, stiiko out a new lino ^ 
Officers ol guat experience may adopt the \iews I veiituro to condemn, but 
they do so in the face of all the great cngmeeis of the past, and against the 
present praotioo of all Europe The Belgians on the Scheldt, the Iluisians on 
the Vistula, the Fieiich at Lille and Toulon, aie now building continuous lines 
of woiks I have heaid that something in tlie way of detached works is being 
done at Waisaw, at Nicolauft, and at Ha\ie, but have not been able to leaiii 
any partioulais There is nothing in the natuio of rifles, oi rifled cannon, to 
excuse oi explain it. They may allow ot flanked Lines oi hnes oi defence being 
made longer, and of advanced woiks being pushed faithci forward thau befoie , 
hut they upset no ono principle in fortification Jomiiii foictold — and the 
canipaign in Italy proved — that they upset no ono piinciple in tactics 

The ahoYO arc the objections of the engineei, hut thoio arc one oi two more 
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general coiiRidnahons winch I have to urge against this sjsieni nf wmhs ol 
which oflicMa of othei branches of the scivice can Jiulge as well, if not bettei, 
than we can lltjoiid woiks, oi stoics, oi guns, or anything else, the difenco 
of a place depends upon the Governor Ho is the spmt, while the lest is moio 
matter Upon the skill, vigour, and above all, the courage of the Qoveinoi, 
must depend the defence of a fortiess His voice, his looks, Ins \eiy gait, will 
give the tone to the whole dctencc The general teehng of mankind will 
endorse this opinion If the defence of Grave is spoken of, it is connected with 
the name of Chanully more than with the lampaits he fought upon Lord 
Heathlield has left a name as imperishable as tho Rock of Gibialtar It appears 
to me impossible that a governor con exercise the some active control oier the 
defence when the gariison is split up into countless detachments, as when it is 
managed as a whole In a line of woilvs, the legiments for dutj, geiieittlly 
about one third of the whole, arc paraded togethei and marched to their posts 
or worlcs to relioi o the previous guard, under the Bupeiintendenoe of the supeiioi 
officers of the garuson When off duty they mix fieely together, and even the 
humblest member will learn something of the state of affairs and of the objects 
for which the contending nimics are fighting There will be n public opinion 
m the gnrnsou into which a biaie govoinoi may infuse some of his own deter- 
mined spirit But tho gainson of each detached woik must lemaiii there, with 
little or no oominunioation with the garrison of other woika, and will take its 
tone from the senioi officer on tho spot On the ftoiita of attack they v ill bo 
exposed to constant fire, and though boinbpioofs may shelter them flora actual 
hurt, the very sound and excitement of a constant flio foiling on a limited space 
makes all, hut a very few, wish for intervals of repose Besides each must be 
in command of tho senioi officer present, and the socuiitj of tho whole line will 
depend upon tho will of perhaps tho least resolute among many A flag of 
truce may ho brought to the gate of any of these foils at enily dawn Tho 
commanding officer, apprised truly oi falsely that tho line has been bioken and 
the besieger m possession of the place, may be uiged to saie further bloodshed, 
and sui lender his command, oi snbuut to an instant and combined onslaught 
from the whole victorious army The same game might be played nil lound 
the place at the same hour How can wo secure that one of peihaps twenty 
commanders Will not falter 

As was said by tho writer of a very mtcicstmg article in the Spectateur Mih- 
taire of May, 1833, " The Commander in Chief will have to break up his com- 
mand, to delogate it to the commandants of the foils, who can be at times out 
off from him, and to the officers commanding the tioopis in the inteivals between 
the forts, who not having between them and the enemy any serious obstacle to 
impede the maieh of tho lattei, will be often obhgcd to judge aocorclnig to cir- 
oumstonces Is it probable that so many different wills should concur exactly 
in the general object of the defence ^ " 

Another consideration arises out of this new raystem I have said that each 
of tho foils has to ho guaided from five points In practice it is far nioie, and 
I could point to instances in which no less than eight sopaiate flanks have to be 
manned to seem e the enceinte of onofoit fiom escalade — not open flanlcs like 
those of a bastionod work, but caponiers, lovoisc hies, countciscaip galloiios, 
in fact eaves of one laud oi another from w hii h alone tho ditch can bo seen 
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Tliesc iiostb aio leaehcdlij tunnels, stniieases, and othei passages, — darli. even 
duiing tlio clay — and tlie commanding officei will always, with the best auange 
menta, be in doubt ot the conduct and vigdancc of the guaids iimuuied in tkeao 
places It will bo pinctically impossible for him to give that constant snpeiin- 
tendonco to every point which can oloiio seouie efflcioacy, and the secunty of 
the foit will depend, not altogethei upon him, but upon the conduct and judg- 
inoiit of perhaps a coiporal’s guaid Roused tioin then beds dining the dead of 
night, in daikiiess and doubt as to tho points of attack, panic and false lopoits 
me only too likcR to tako place even amongst tho best troops 

In a bastioned enceinte a strong gumd can he mounted in each bastion which 
may diieet its fire fiom eithei flank ns may be most wanted The commanding 
officer can mount his hoise and assure himself m a few minutes of the security 
of tho -woiks ontiusted to him, he can bung up Ins reseivo to the points niost 
menaced, and surprise bcoomos almost impossible Caponiers have not yet 
stood tho test of actual wai I do not, on that account, condemn them, but 
they should be fowandlaige At Antwcip theie wiU he one to eveiy 1,000 
meties of enoointo , an ofiicoi’s guaid may, thciefoio, bo phoed m each, and tho 
rest of the troops on duty kept in hand on the ramimits The tvoops will know 
that tho enemy cun come from only one side They will see then ofhcois and 
be seen by them, and will have what light there is m the heavens above them 
instead of a dark vault The oppoi tunitics foi skulking, which oui Mi and 
tot ner flanks afford, always give me gieat unensincss I only once saw hoops 
in a oountei scarp gallery, and then not in earnest, but that one instaaco has 
left an. indelible impression on my mind of the diflioulty that would be found m 
getting them all out again and posting thorn on an open rampait, and the same 
idea oocuiied at the time to othei oflicers piesent Perhaps some officeis heio 
this evening may give us their cipeuonco of tho samo soit of thing at night 
You must in these foi-ts, and, in fact, m the Gcimau system geneially, have men 
on tho ramparts as well as in tho caponieis The bastioned system, with nil 
its faults, has this advantage, that tho men in the flanks aio leadj to lepel 
an assailant at any point of tho lampait, winch they can icach in a few seconds 
It will he seen that objections wore made to tho detached foits lound Pans 
because the National Guard would not take tho same interest in tlieir defence, 
and this I can find no where contradicted by tho other paity who counted upon 
legular tioops to ganison tho foits I think it quite as clear that we must not 
count upon Voluntoeis to gaiiison om detached woiks Many brave men in 
every large town wiU be found to co-operate in the defence of the walls of then 
native town, but few will bo found to compose peimunont gariisons for detached 
works Neither are Volunteer tioops oi Volunteei Ofiiceis the beat fitted to 
mancouvie against an enteipnsmg and well trained aimy between tho forts, 
and the defence Will vutnally he kfttoBiich legnlai tioops as are nvaikblo 
Bear in mind, also, that we are fortifying oui dookyaida m eider tliat the bulk 
of our regular troops may be available loi the defence of tlio metiopohs, and 
even of legulaxs, only the newest levies can be spared to ganison tlio dockyards 
Bor thorn, therefoie, andfoi then officers, the siiaplest foim of works should be 
selected, and it is not heating them fanly to cvpect thorn to tako up an iitteily 
new and untried sj stem of defence 
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Hus IS not a question solely foi Enginoeis, but foi Ibo geiieial and statl 
officEis of oui aimy, ivith vliom, aftci all, tlio actual dclenco of uiu foiticsscs 
mil lent iind I Mould ask Ibcin wbetbci they would undeitako to fight ati open 
hue of woiks against numhois gioatly supeiioi 

One of tho bravest soldieia in oui army commanded the gaiiison at Malta 
when I iisitod it a fon' years since, and he did me the honoui to consult me 
upon one or two points in the woiks which he coiisidcied weak iiid liable to 
surpiise Onifof them was tho juiintion httwoeu tlio ditch ot an outwoik and 
that of tho bastioned enceinte upon which it depended lie thought that an 
enemy could advance along tho diteh, flanked by aitilloiyaiid miiskttiy in fiout 
and lear, entei tho ditch of the enceinte, and thence gain tho gate iii the ocutie 
of a omtain, coyeied by the fiie of the flanks of t«o ncljateiit bastions mid 
a double palisaded caponier Ho wanted what he called a maiei ml obstacle 
between the two ditches I pointed out that, as they weio on the same lei el, 
no obstacle could be in tei posed which would not mask the flank fire , but I am 
afraid I did not succeed in conyincmg tbo General that theie leally was no feai 
of an open assault by such a dangcious route I thought, and still think, tho 
Geneial’s feais woie cxaggeiated, but he uiged his objections so stiongly, and 
gaye such a giaphio desciiption of tho assaults he had seen, and the impetuosity 
which well tiamed troops attain lu an attack, that I was almost induced to 
throw piinoiplcs to the winds, and loconimcnd that, at all hazaids, some soit 
of dam should bo erected to check tho adyautiiig Zouaves Should he heai 
this statement repeated, I trust he will excuse mo foi making it, but I oaiinot 
adduce a strougei proof of the soundness of my objections to a detached line of 
•woiks than that an old officei, who had seen and fought on so many fi.elds, should 
think such an cnteipiise possible 

I have been foitunate enough to find an inteiestmg opinion of the late Duke 
of Wellington, bearing upon this question, ui tho valuable papois recently 
printed by Su Hariy Jones upon the defences of the Netheilands Among 
these yon will find the following remark made by the Inspectoi Geiieial of For- 
tification -i of the Netheilands, after a oonfeionec ■yith the Duke upon many 
different questions, among which was the restoiation of Namur “ Son Altosso 
(tho duke) pcisistant a dgsappiouvoi le aysWme dos ouyiages detaches poui la 
piemi^re ligno on avant du Chftteau, il a ooiireau qu’on adoptoiait poui oo 
qui cst de la dite incmifre Iigne le s)/stc/ne fcrml piopose pai les Ingeniems 
Anglais” Opinions of the same kind aio given with leferenoo to Memn and 
Nieuport, and I can find nowlioie anything ui favom of open lines 

This shows that not only tho Duke, but our own oflicois, With the Peninsula 
and Wateiloo campaigns fresh in their recollections, insisted upon continuous 
lines of woiks against \eiv strong opposition Was it a continuous oi detached 
line which om ofiicCis constincted to covoi Bnlaklava, or that the Fiench Eii- 
ginecTs eonstiucted to covei Kannesh and Kasatoh, oi that both together made 
at Gallipoli P Depend upon it, when wai hoeoifies a leality with any of us, no 
one will make a det iched line unless he is almost strong enough to fight with- 
out Woiks at all, unless ho is'Jible to feel the same oonfidenco as Marshal Soult, 
that tho ouomy oaanot coma on soils me passer sur le corps 

Guiboit cites the battles oi Fontenoy, Eocoux, and Lauffelt, as instances m 
winch columns of attack hai e penetrated between detached w orks armed with 
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fiitilleiy You can tiaco the battle of Fontenoy step by stop m Kauslci and sec 
bow the Duke of rumbeilancVa column, 11,000 stiong, passed quite uubiokeii 
between two woiLs loO -vaids apait, and to which a hollow way foimed a soit 
of curtain, and wcie only lepulsed because they could not manocuiie when they 
got m I emuot mikc out liocou's. quite as well, but it would appear ceitam 
that Marshal Saxo tuiuod tho loft of the allied aimy, though lesting upon the 
Citadel of Liege Laufielt oi Lawfcld I have not been able to had any paiti- 
cidais about I tiust that tho question I have stalled may had to fuithci 
icsearcli, foi it is cleai that tho eflect of aitilleiy may bo as well studied m tho 
case of field as of peimaucnt woiks, so long as the woiks themselves aie not 
earned by assault 

Evoiy Engmeor, and, I hope, ovciv soldiei m tho Biitish aimy, must revere 
tho memory of Su, William Rcid Well, Su Wdliam Rcid, when Qovcinoi of 
Malta, was moie anxious about tho security of tho gates than any othei point, 
What IS a gate to a gap neaily a mile wide ? 

Aiiothci advantage incidental to tho enceinte is that it is an ohstaolo to deser- 
tion and to spies 

Civilians oitin say that they cannot understand a word about our foitifloa 
tions Now this ought not to bo Wo do not tiiist a medical man who cannot 
give some loason foi his lecommendations A jndge has to bung the most 
abstruse questions of law witbm tho tompichension of a juiy, and we all foim 
oui opinions, and pietty stiong opmions too, on Theology and Politics Because 
this is the case, it is no leason that wc should set ourselves up as physicians, oi 
lawyeis, oi divines, oi politicians We can, or ought to ho able to, undeistand 
the hearmg or puiposo of eveiy sciouce, and so ought all intelligent men to 
nndeistand tho heanng and pmpose of ouis Theio is no glamow about foitifi- 
cation When a fanner puts up a fence oi a wall round his gaidon he erects a 
foi Lifi cation , and so long as foi tiftcahou is a development of that one simple 
idea eveiy one can undeistand it When y ou put up a low of toits and say tho 
enemy cannot pass thiough, it is asking the faimer to behove that tho posts of 
his fence will keep out cattle without the lails, ho docs not "see” it, noi, I 
confess, do I A good wholesome wall and ditch which the enemy has to get 
through 01 ovci, hefoie ho roaches his object, will commend itaolf to the under 
standing of any man of sense, soldiei oi civilian, howtvci much it may be com- 
pheated 01 stiong thciicd by tho ait and cipcuonce of the cngincei 


Since I compiled this paper tho report of the \morican Commission who 
visited Euiope dmingthe Russian Wai has fallen into my hands, it states tho 
arguments for and against tho detached woiks much moio etc lily than I have 
found them elsowheio What the Amciieans discuss is not, howovoi, any woik 
they have seen, hut the ideas towaids which the Geiman school of foi tiftcation 
tends, hut winch they might, » had they waited long enough, seen adopted ra 
their extiomest sense in “the old country ” As this valuable lopoit may not ho 
fully known to the piesent mooting I will veiituv- to lord somo exti lets horn it 
“An extensive eontimious enceinfa, whitcvei maybe tho composition of tho 
system of its fionts, presents in all paits an equal lesistaiiee, or rather the same 
weakness, that tliogaiiison is uiidci the necessity ot piotcctuig ou every point 
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of the flouts of attack ancl collateial fronts with a deleiminate foioc Thosw 
flouts oanaot ho leinfoieed without doing so on the whole extent at the same 
time, to Tualce tho loinfoi cement of any value , and the lino ovei-come iit one 
point, tlie position is taken without tho otlior parts haiiug contubutod to 
increase the resistance of the point attacked ” 

“ Those enceintes may ho compared to extended lines of battle with slight 
depth, abandoned in modern tactics, and icplaced by gioat masses, or linos hold 
in hand by the commander, to be thiown suddenly into masses, supporting lesser 
ones in front of battalions, or, in place of the latlei, by bodies of tiiailleuro 
It appears consistent that foitilioation should also ho mode to accord, as far as; 
practicable, with this piinciplo ” 

“ Thus the mam idea is to ' enclose ihe polyqon,' or to compose tho Ime to ho 
foitifledof srnoNG points, which, while bcai mg to each othei a icoipiocal lela- 
tion of defence, may each possess tho independent means which then immediate 
defence calls foi , each one becoming one of the woiks wo haio given the deno- 
mination of ‘independent defensive’ The spaces between tho woiks are closed 
by cm tains or simple lines, winch may bo denommated unaiiachdble, cither on 
aooount of their ro-entering position, and tho immediate protection they leoeivo 
from the collateral independent work, oi for the more important reason, that 
when one of these lines is taken, the enemy has gamed little or- nothing, since 
the stiong pomts still remain intact, thou fii-es from the goige making it impos- 
sible for tho besieger to hold the position This is a meiit claimed for tlie 
German system that will receive further elucidation ” 

“Tho immediate inference from this principle is, that tho eneemte of a place 
may be one of gi eat extension, without moi easing in a eoriosponding proportion 
the gaiiison staotly necessary foi its defence The place may he oonsideied 
seouie against any sudden or unexpected attack, if it he gariisoned by a foies 
sufficient to defend tho points which we have already stated to constitute tho 
real strength of the position , while at the same time the jilaoe admits of a stiong 
division of troops to seive as a suppoit foi the ai-mj in the field, or to entei into 
the defence to contest tho enemy’s main object, by the most vigorous effoits, 
comhmed with powerful soities ” 

“The nattual consequence of this mode of fortifying places, is to mako the 
fronts susceptible of tho most active defence at the proper time , and by placing 
tho oommunicaUons near and under tho stiong points, they offer all desirable 
Width and facilities without tho defects attiibuted to other systems Snob la 
what IS claimed for this system, and that by this means tho field of fortification 
is enlaiged, tho olqect of fortresses is completely changed, and instead of bemg 
lestiioted to the piotection of a pomt, is enabled to'exteud the sphere of its 
operations to a gieat distance, and have an important influence m the progress 
of a campaign, rather than at the time of its investment, offering a prolonged 
resistance agamst tho poweifnl means that may bo at tho disposal of the attack 
Tliose ooiisideiations have induced intelligent tSigmeera and military men to 
look upon fortiesses lather as impediments in the way of actual operations of 
mmios in the field, absorbing so much of then moveable strength, and given rise 
to doubts conceimng theff necessify or ntility Let them once more be given 
the lelation they should bear with the strength of armies, and anxihaiy theieto, 
Ocoupyiug stiategio points, (and not merely cnoirchng cities to fence m their 
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woaltli), eithei aa gieat enticnched camps, depots for icsouices, oi closmg, as 
baiiiers, defiles leading into a countiy, they mil again fulfil the gieat objects 
foi which they weic intended, and the eqnilihiinni so long sought foi between 
the attack and the defence will again ho lestoied To snch icsults do the 
German engineers contend then peculiai application of the principles of fortifl- 
cntioii will lend ” 

“ Thou piinciples, however, have hcen much opposed A place composed of 
strong points oi independent woiks is objected to, foi the reason it -would requiio 
as many offieci s, possessing all the qualities indispensable foi tlie diieotion ot 
its defLiioc, as theie -wcic sepoiate -woiks , and to the difficulty of finding such 
is added the objection that the geneial defence of the place cannot ho earned on 
With the unity which should he vested in one supenoi head, who, -with many 
points iindei his command, would he unable to judge at a glance of the state of 
the dofenoe , and that the gaiiison at each point will act independently of each 
othoi, without the Mgom lesultmg from united and simultaneous action ” 

“ We can hut think these objections aio cquallj applicable to any place, the 
gaiiison of which e-s.cccds the numbei a commandci can haco within sound ot 
his voice, and that they incieaso with the stiength of the gaiiison, and all easily 
overoomo by nisciPLiNE, without which ncithci aimy oi loitress is a reliable 
soourity to a nation ” 

" The paitisans oi the bastioned system have enumeiated undoi the following 
heads the gcneial defects of tho Geimaii system — 

1st — The constiuction of German foiti esses must ho cipcnsive on account 
of tho iiumoiouB woiks of mnsoniy lequiimg nice woikraanship, and the eo-oess 
m cost, if expended upon some other systems, would pioduee fionts of grentei 
defensive value 

2ud — Tioops and mateiial of war aro distiibuted throughout tho indepen- 
dent works of the place Thus, tho defence loses the stiength wliioh union and 
concorlod notion inipaits to all opciations of wai, and which con only exist luidor 
the immediate diiection of one single conimandei 

3id Theie will ho difiScult-^ in finding foi each independent woik an offioor 

capable of diiecting the defence in pcilect unison with the plan, inoio oi less 
active, which tho commander of tho place may have adopted 
4th — The numeious woiks of masomy in this system aie liable to he 
destroyed by cuived flies at slight elevations and by heavy piojcetilos 

5th The mconveniences of various kinds attiibuted to casemates are also 

inheient m this system 

6th, and finally, tliat it is imprudent to abandon the existing systems of 
foitifioation befoie the sanction of experience has placed faoyoud doubt tho 
advantage of the modern systems ” 

"With lespcct to the flist point, ‘the greater cost of then foi tj esses,’ the 
aliswei of tho German engiripeis is, that experience has proved the contraiy 
Tho meagio data we possess on this point and which we present, if insufficient to 
decide the question, will ncveitheless have somp explanatory hearing " 

“The second and thud objections to tho Gciman system have undoubtedly 
more foundation In effect, the commander of tho foitiess cannot, as m conti- 
nuous systems, diiect alone tho opeiations of the defence, nor can he at a single 
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glaiioG take in tho piogicssi of the sicgo Eaoli ivoik Ins nllottocl to it i dtlci- 
minato gnu non, itquiung the often in (.omnimid to act imlepondnitly at a 
given time, in nccoi dance iMlh tlic, tiuo bpiiit of the oideis of his comiiniidn , 
noi can the lattoi lomfoico him oppoitunelv, eitlici foi the purpose of lepclhug 
an attiek oi innlaug soitics, as occasion inav call foi ” 

“ While wo admit the os-Lstence of those incoiii nncnces to be of a sciious 
natuie in a gencial senae, 'vet in apccial cases mo find then iiupoitniicL much 
diminished, and considei they are raoio than countnhahiiiccd bj the sdiantngcs 
othnwise acoiuing fiom this itn ohjectioiinhlL systnii, tis shoM’n fiom the dis- 
position of those isolated commands Much of the objection nwj hucaftei bo 
oieiooine bj the use of a tckgiiiph wiic, a most simple and cllcctiial means ot 
conimuuicatiug with tho geiicial head-quartua ” 

“Lotus suppose the foitioss of Posen to be iinestcd, it is undeniable that 
against any meguldi attaik it will be easier to defend it than n contmiioua 
system Each isolated point is pioiided with seouio moans of defence Non 
oie these points of so comphealcd a uatuie as to pievent an officoi lu command 
fi.om dueoting tho dofoiioo against any such attack, while the commandoi would 
diieet his attention to tho cui tains, which tho enemy might attempt to escalade 
The onlical situation of the one would giic greatei fieedom of action to tho 
otiioi We oaunot eithci believe that this difficulty of oominandmg the whole 
defence evists in the ease of a legulai investment of thico fionts, the othei being 
seciuo The aitilloiy of tho ledouhts and casemated batteiiea is alone out of 
Bight of tho coinmandei , bat the offensive movements of the gairison, then 
letieat, and evoiy mateiial cucumatancc connected with the siege, passes undei 
the oommandor’s eyes If we turn to the defence of Eastadt, the numerous 
aitilleiy that would bo icquued to opoiato against Foit Leopold, the piobable 
field of attack, lendcis it almost ceitain that two of those “ independent foits ” 
could not be attacked Bimultanoonsly Tho most to he attempted W’ould bo to 
make a false attack, and the tine point being once ascei tamed, tho commandoi 
oi the place may then give his peisonal attention to the main attack," 

“ 111 some foitiesscs lepaired accoidmg to the Geiman system, these pimoiples 
have been ei.aggeiated, and a peinicious use made of subterranean oommunioa- 
tions, which, while compheatmg tlie inteiioi of tho woiks, conceal the move- 
ments of the tioopa fiom the commanding officer, and have an influence on tho 
morale of tho soldier, who becomes leluctant to leave the cover and protection 
they afford This abuse, spimging fiom the voiy latitude of the system, and of 
which many lemnikablo examples could ho cited, has ooutilbutcd to give more 
weight to the detects undei consideiatioii than they really possess The 
objections can only he tiuly established aftei some vigoious siege and resolute 
dofenoo of one of these new fortiesses ” 

“ With respect to tho fomtli objection, wo will bring together the oonsidela- 
tions pieviously stated , and fiist, as a general piiuciple, the inasoniy in this 
system is coveicd by eaithcn W'oiks, as well as m tho hastioncd system, and they 
cannot he systematically batteied by diiect flic ” 

“ 2nd — Tho position of tho cagoniois, casemated ledoUhts, S .0 , guards against, 
as a genoial rule, dostraction by cuived flies, as experimented with at Woolwich, 
111 a uoinial ihioction, oi appioximating theieto, the only case in which wo may 
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sij' then cffLLt wonkl bo ccilnin Thoii aichta, eoveied \m(]i oiith, aic calculated 
to rcsi-iL the ubiial shell Twenty lorn inch moitais, if aueli could be bioughl 
against them, wonhl pioclucc vciy dcaliuctivo offcots on thus stem, nei oi tliehss, 
the piactice with such inoitaia at tho sngo of Antwciii would seem to loraove 
all leal in this icspeet ’ 

“The defeusne baiiaeks, by then position and the gieat maih they piesciit, 
11 0 the woihs most liable to bo iiijuied fiom slightly eui i cd flies , still w e tlinik 
IVL liaio shown tb, it, as redoubts, they are fai supeiioi to the uncovcicd icdoiibts 
of the bastiuiied s) stem, and this, in lealitj , is the inatciial question, ivhwh u the 
best , and to wliieh, in dovising a plan foi a locality, should wo give tbo pic 
leieiiccf In a imittei as yet undetei mined by tho oxpciicnco of actual sieges, 
ive may cite in favom of these casomated baiiaoks the opinion of officois of tho 
French school, as Bonsmaid, Choiimaia, and Flcuiy, the lattoi tho diiectoi of 
tho woiks at Lyons ” 

Tlio Aiuciiean officers seem inolmed to favour the direction iii which those 
Geiniaii views tend, but I would obscivo that, lu no one instauoe, do the Gci- 
mans soeni to have earned them out They have made then bastions defensible 
to tho leai, but they have not abandoned then cuitams I cannot even, find 
that they have satisfied thorasolvos with an esoaip lowei oi less ooveied on tho 
oui tains than on the salients of then works 

Ist — Rastadt, Posen, Ingoldstadt, Coblon/, ore closed woiks m the fullest 
sense of the teim 

2 nd — Most of the questions undci discussion aie hetwoen open and oaaemated 
flanks, between a hastioned oi caponiei trace which soaicely aftects tho mam 
question nt issue 

3 id — Tho difficulty arising fiom a want of unity in tho defence is almost 
admitted, and disoiplmo is invoked as a palliation, but the most diflicult quality 
to obtain m now levies oi meguloi forces 

4 th — The abuse of subtciranenu communieatious, and then efibet on tho 
morale of the soldiers is also admitted 

6 th — No leply is given to the objection they themselves staited, “ That it is 
impiudont to abandon cvjsting systems of foitifieation bcfoio tho sanction of 
eypeiionco has placed beyond doubt tho advantage of the modem sj stems " 

Gth — Tho Piussians, with all then science, all then ability, and all their 
glorious tiaditions, hare known less of wai m its leahty than any Em opeaii 
powei dming the last half century 

7 tb —The analogy diawn fiom the piogiess of tactics is striking Piiyscgiii 
said, long ago, that an aimy was a moveable foitifieation, and ceitamly a ioiti- 
flcation 18 a fixed arnij , and many principles aio common to both foitihcations 
and tactics, but has the change of tactics in question taken place P Have wo oi 
any othei nation given up the line as tho eider foi lecoivmg an attack P To 
facilitate manoeuvres it ma^ bo bioken into battalions in close column at 
deploying distance, but the object of this is only to foim hno the moio readily, 
01 squares when neeessaiy , the line itself has, on the coutraiy, become moie 
and moiG slender It was at one time six deep, then foui, then thiee, and wo 
English had the honoui of leading the way m icducing it to two deep 
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In January last a papoi was read m this room by Colonel Owen, before a 
numeious meeting, advocating the supoiioi merits of continuous lines ns com- 
pnied with a lino of detached woiLs, foi the poiinanent defence of a position 
such as that of a dookyaid oi aisonal, and containing some seveie outieisms upon 
the woiks lately pioposcd, and in some coses executed, foi the defence of oui 
own groat dookyaids The paper was very foicihly wiitten, as I am sure all 
will allow who had the pleasure of hearing it road , but inasmuch as I thinli 
that many of the arguinuits adaanced by the wiitci, as well as the illustia 
tions on which they were based, aio of a fallacious desciiption, I have bcon 
induced to take up tho coiisidci ition of the sub]cct fiom a somewhat difleient 
point of view, and to cndoavoui to combat oi dispiovotbe conclusions ariived at 
Ihoso conclusions wcic — 

Piist— “ That a continuous luio is as cheap as a lino of detached woiks ’’ 
Secondly — “ That it can bo defended by fewer men, and those fai less tioined ” 
Thndly — “ That its defence is simpler, and easier undoistood by generals, by 
ofhoers, and by men ” 

Pom tbli — “ That it appeals moat to the patriotism of the citi/ens ” 

Pifthly — “ That it has been wolf and fully tiled foi thousands of years, and 
that nothing m the ni t of wai has been discovei ed to suporsedo tho old fashioned 
ditch, rampait, and jiaiapot, not only as n battoiy upon which to mount gnus, 
but as a means of keeping tho strongci fiom closing with the weaker ’’ 

I propose to take these conclusions ono by one, and to discuss then ments 
freely, and ns in doing so k shall have to look closclj into Colonel Owen’s 
nigmnents, I take this oppoitnuitj of dcclanng my desiio to keep within piopoi 
limits, ns well as to examine the subject iii an iippaitial spiut 

Ihe fiist of tho gencial coiiclnnuiis uigcd upon oui attention is, " That a oon- 
tinuoub hue is ns clieip as a line of di taclied woiks ” 

AA 
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I must begin my lamailvs on this point by ipcoiding niy piotc&t ngainst the 
elastic piopcrtios wtli wliicli Colonel Owen cinloiis bis continued lines At 
one time,* when scobing to impioss upon ii-, the dcloiisivo nuiits of such lines 
ns compaicd with doliched woiks, ho cnlaigcs mion the adv intugos alfoidcd by 
the bastioued enceinte , at anothci, when cndea\oiiimg to icducc the nuinboi of 
the defenders to a mininiiira,t the lino is pulled out, ns itucie, till it becomes 
perfectly stioigbt, and flanked by cuponicis , and in the case beloio us some 
such feat is accomplished, foi I caunot make out othciwisc how the escarp of tho 
model fort shown in the 9th ^olumo of oiii “ Piofessionnl Papeis ” can covei half 
a mile of giound when applied to tho contuiuoiis line Ncithei can I admit 
that b3^ substituting a continuous hne foi tho hue of detached woiks, it would 
ho possible to save tho construction ot an innoi ciiocintc It could not, with 
piopnety, bo left out in either case Tho absolute dostiuotion of a dockjaid, 
w'hioli must ensue if onoo an enemy got possession of it, is moio to be di ended 
than a bombardment, and it would not bo wise to leave its safety depondent 
upon the defence of a simple continuous lino of woiks, onoo that hne was 
biokon tbiough, which might he effected e\cn by siupiise, theio would ho 
nolhing to stop tho tido of destiuction, both defences and dookyaid bocomuig 
involved in one gonoial disastei 

Again, when estimating the expenses likely to bo iiicuirod by tho adoption of 
detached woiks, Col Owen states, “ That in oidoi to bring tho giound in front and 
loai uiidci file, heavy cuttmgs and fillings must bo ei.ccutcd, an oh]oction fioin 
which a continuous line is free ” But this is nltogethoi a question of site , and 
while on the one hand it would ho easy to imagino a site whore the cost of 
excavating the long ditch of the continuous line would bo so exoossii e as to 
lendet the job impiacticahlo, on the other hand it would he diflScult to imagine 
a site othei than a perfect plain, wheio cuttmgs and flllmgs would not be 
lequued, e\en if we elected to foitify it with a continuous lino. 

I might settle this question of exponse at onco by retelling to page 170 of tho 
paper undei discussion, wheio the final estimate of the coat of the fortifications 
of Pans 13 given — tho enceinto at 76 millions of fiancs, and the foits at 00 mil- 
lions, making a difference of moie than one fomth in tavoui of the Inttei And 
if the forts here spoken of be, as I appiohcnd, those which have been actually 
constiucted at tho avciage distance of a mile and a half in ftont of the enceinto, 
this diffcienoo will ho Inigely inoicased The peiimotei of the enceinte being 
about 21 miles, its ratio to the outoi ciielc will ho about as 7 to 10, so that the 
cost of the detnohed works to he compared with that of tho continuous lint would 
he 42 nulhous ot fiancs, in place of 60 This certainly appeals conclusive, hut 
a bnef oompansou of tbe length of the walls and paiapets leqmrod foi the hnts 
shown upon the diagram attached to Colonel Owen’s paper w ill make the question 
still more clear 

In that diagram theio are two desciiptions of continuous lines, one simply 
bastioned, the othei of similai loim appaicntly, but with tho addition of 
oapomeis in the ditch, flanked m fiont and rem by the shoit flanks of the hno 
itself Tho detached woiks arp, I presume, intended for exact lepicsentations 
of the foits shown in tho plates attached to Papci XIX, Vol IX, "Piofessional 

• Pages 17(> and 177. 


t Pago 172 
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I’lprrs” Now it will bi manifestly best to take tbo same data, so far as is 
possible, 111 comparing the cost of these si items ot dcfeuco, so as to olimmate 
all clianoea of raisuiidei standing 111 tbit icspcct, twill, tlierofoiH, asmilne that 
the geueial piofileot the lines will bo sniiilai to that of tbo detached woiku 
along the laeea and fliiiks of the lattei It will be picsumod, also, that the 
fuits aio one mile fiom cciitio to ecuticj so that, if a line of detached woiks 
were required to iiiako tho complete ciicuit of a position— say 12 miles round— 
thoie would ho requiied foi it 12 foits, i e , oiicfoit to one mile of tho continuous 
biie, cveluano of tho sinuosities given to tho tioce of tho lattci foi the sake of 
Himk defence 

In the bastionod trace laid down m tho above mentioned diagram, I find that 
2^ fronts just cover one mile Each fioiit will therefoie have an extoiior side 
701 yaida long, its tacos, flanks, and cuitaiu being icspectivelj 201, 85, and 230 
yaids in length Tho total length el caoaip wall of the five flanl^s lequued for 
one mile ol the lino will then ho 5 X 85, oi 425 yaids Now', picsummg that 
the flanks will bo easomated, both foi the put pose of giving effective fire along 
tho bottom of tho ditch, and ot pioviding safe aeoommodation foi a poitioii ot 
tho gaiiisou, W 0 shall not bo fai wrong in estimating then cost pci jaid lineal 
of esoaip as tho same as that of tho keep ot tho toil, nicasuiod by tho same 
standard , especially when we consider that on account of the polygonal or 
circular ti ace given to tho keep, its umoi dimensions aro i ery much less than 
its ovitenoi, the oiest being actually 48 yards shoiter than its esoaip Eai loss 
caith will, theiefoie, be lequiied toi its piaiapict, moieoaei its ditch, not being 
nearly so deep, will bo loss costlj to cxcaiatc Now, on lefeiiing to tho plans 
in the 9th volume of " Piofessional Papcis,” it will be found that tho total length 
ot escarp of tho keep is 200 yards Between the escaip of tho flanks and that of 
the keep there will then ho a differenco of 225 yaids, a quantity moio than 
enough to place against tho throe capoiiiei s lequiiod for tho ditches of tho detached 
woik • 

Next, as to tho countoisearp and cosered way In tho hastionod onceuito 
tho length ot tho counterscaip foi ono mile ot tho lino is l,8d0 jaids The 
oounteisoaip in fioiit ot the faces and flanks of tho forts meismes, when 
developed, 662 yards, that of the keep 187 juids, making together 810 yaids , 
and it to this we add tho length of tho escaip wall, built along the goige of tho 
woik, vu , 201 yaids, ovcilooking the absence of covcicd way m the two last 
instanees, wo have a total length of 1,143 yards to set against tho above men- 
tioned 1,830 yaids, showing an excess of 687 yiids length of oouiitersoaip, pei 
mile, on tho side of tho coiitinuona lino 

Again, tho total length of escarp ot tho faces and flanks of tho fort, inoludmg 
the goiges ot tho caponiois, is 500 yaids , wheicas tho total length of tho faces 
and cuitaina of tho bastioncd hue icquiied foi tho spaco of one mile is 1,605 
yaids So that we may conclude that to eoiistiuct tho coiitinnous bistioucd line 
shown in tho diagram, supposing the flanks to ho easomated, and bomb pi oof 
accommodation piovidod for tho gairison, there will be required about 1,100 

• This assertion is based upon a oarefiil comparison of tho quantity of masonry 
required for the thiee eaponier w, 'i that lequiied foi tho counter-arcliod escarp w ill, ns 
shown in tho plans and section ij, cued to As to earthwork thcio can be no doubt 
that a very much smaller qua| it^ Ivill bo rcquiicd for the oapomcih 
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yaida liiioal of oscoip and paiapot, and 687 ywls of countcibcaip mil cmLitd 
avay per mile in evcess of the tpianlify icipiucd foi thu detiiLhod svinks, orn 
feioning an incicoao in lire total outlai of at Icaat oiic-thiid— a losiilt not iciy 
diifeient fiom that given in the estimate foi the woik'. at Pans. 

On tuiDiiig again to tho diagiain, it will bo found that iii tho coutinued iuie 
dofomlod by capoiiieiB tbe fionts aio about aoo j iids in Icngtli, so that two 
caponiGis only aio lo^micd to defend tlio ditoboa along ono milo of tho Inn 
llero Colonel Owen at once ckuna on advantage, but it is ono vvhioh, on oonsi- 
doration, cannot bo faiily allowed him Tho Ixac'S of defciioo being so long, 
upvvaids of 400 V aids, tlicio is no doubt that a more povvcifnl woik will bo 
loquiied to flank thorn than iii the case of tho detached woiks, wlioio thi>ev;tipme 
length defended by tbo fiio of a single flank is iiudoi loO yaids If tbiou guns 
bo necessary in the lattei case, foui will bo icguucd in tlio foimei I tliiulc it 
IS a mistake to increase the length of oui ditches in aocoitlnnoa with tho supoiior 
ranges aftorded by modem aitillery, unless vve at tho same tiino luoicase tho 
number of guns fiom which the dofenoe is derived As the hue luereases in 
length, so inoioases its liability to bo assailed at more points than one, and tbo 
woik otpeoted flora tho guns is in a lilco pioiiortion augmented 

Again, the detached woiks o-ebibited m tho fltli volume of oui ‘'Professional 
Papeis" aie veiy elaborate and complete in their construction, and I contend 
that it IS not at all leasonable to eompaie then cost with that of a hue planned 
without logaul to tho same careful prmeiiilcs Two capouicis W’ould hav e flanked 
the ditches of the faces and flanks of tho foits,vvhereasthieo have been tmploj ed 
Now there can be no doubt that tho increase of cost so inciuied has resulted in 
a much moie pcifect and sccnie system of piovidmg flank defence for tho 
ditches , but the fact of tlioie being three in this paiticular case does not auso 
of necessity from tho works forming pait of a hue of detached forts Fiom 
these remarks it will be evident that wo mav assume tho cost of tbo caponicis 
for tho two fronts of tho contmuous lino to be picttymueh the same as that 
reqiuiod for the capomeis of tho foit 

Tho length of the faces and flanks of the fort wo have soon to be 500 yavds, 
and supposing that we make the same compaiison as in the foimor ease with 
legard to the counterscarp, there will remain about 1,300 yards of escarp, and 
550 yaids of counterscarp and covered way to be covered by tho c-ost of tho 
keep , a icsult quite as nnfavouiablo to tho continuous lino as that arirved at m 
the ease of the bastioned lino, when we oonsidoi that in using tho cost of the 
keep to covei the expense of part of the smplus lino, wo omit fo provide a 
coiicsponding amount of bomb-proof accommodation foi tho troops, which they 
could not do Without 

Put it may bo said, “In the above companson, you have taken no iiotico of 
the sav mg in Haxo casemates, which it will bo unnecessary to construct in 

continuous hues” I have taken no notice ot them, and for these leasons 

I coubuler that they will be requiied in one ease ns well as the othoi, and oven 
if saved thej would covei but a fraction ot the expense left unprovided for 
They would be necessary, because it would bo impossible, except in vciy lare 
instances, to make flanks witliout exposing them to enfilade flie, on account of 
the veiy gicat choice of position affinded to besiogois by the long lange of rifled 
gmis, tlie only waj to avoid having to build them would bo to do without 
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llaiikiug lur above ground altogclliei, a pimciplo of constiiiction wliioh would 
coitainly cbeapon yoiu lme,bnt which would as ceitamly ciipplo its capabilities 
ol dofcnce 

111 the foicgumg icmarhs I have considoied these systems of dctonce, ns applied 
bolcly to a bifo which is toloiably level, conditions of compaiison mnmtestiv 
most fa\ 0111 able foi continuous hues foi as soon as vve hive to deal with an 
nncieii biokcii site, the tnce of these lines will be much nicieased in length, ns 
thiv w ill have to advance oi locodo accoiding to the accidents of tho giound , 
the fronts will havo to bo moio numcious, and tho lines of defoiico much shoitor 
It 18 tiuo that such a site would occasion an inciease in tho nmnbei of toits 
icciuiied, and therefore augment the cost of a line of detached woilcs, but not to 
ncaily so gioat an c\tont as in the construction of a continued line 

The next point uigcd upon oiii attention is that a continuous lino " can bo 
defended by feivci men, and those men far less trained ” 

Now, if “dotendod” means ixnj thing, it must he taken to racMi ‘'defended 
nndei all cu oumstancos ” Thcio is no limit m tho tcuns of tho piopnsitwn , 
but when I examine tho aigumonts upon whirh it is bvsed, I find oonsidoiablo 
liimlatioil Tlioonlyoiso gone into is that of sccuuty against suipiiso, the 
must favouiablc ono possible toi coiitmiioua lines It they aio of any iiso at all, 
it will ho toi piesenting a continuous obstacle against sudden assault, but those 
are not the only conditions under which wo expect foitifloations to Ihldl then 
functions of piotectmg an impoitant post, oi of keeping the strongei fiom 
closing with tho weaker In the cose of a siege by a powoiful aimy, piovidod 
With abundant means ot attack, tho comparison must bo very much iii favour of 
tlio detached wolks Ihe niimhei of points of attack is consideiably leduoed, 
and thoio may bo a ooiresponding icductioii in the nnmbei of defondeis Theio 
IS not noaily tho same extent of escaip to watch Each work is as strong and 
sociue m itself as aii> pait ot the continuous lino, and would certainly leguiro 
no more men to defend it than ought to bo allotted to each ol tho fi outs of tho 
lattei , and as the detached woiks aio a mile asunder, while tho fionts of a 
bostionod lino would bo at least two and a half to a mile, it may bo fauly 
concluded that the gaiiison of tho lattoi would have to be more than double 
that of tho formei 

p( , „ . , 1 .1 r,. 1 _ f 


quite go witn Uoionel uvveq, ana wnai no says aouut ii is uuduuutuiuy hub, out 
when he goes on to apply this reasoning to the case of “Detached Woiks versut, 
Coiituiiious Lines,” he has evidently got upon^the wioiig road Ho says, “To 
call lor moie troops because a position is made moie defensible is to admit that 
tho art of the engineer is snpoifliious, oi that the jiosition need not ho taken up 
at all.” No ono calls for moie tioops because a position is made moie defensible 
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To assume that a continuous hue la more defensible than a lino of detached iv oiks, 
13 to assume the whole point coiitendod loi, and wc eliould be justdied in letoiting 
■with tbo latter pait of the soiitcnce quoted, and in saying “^hat to make a long 
continuous line when a lino of detached works will do, is taking up a position 
unneoessaiily, and making a supeifluoiis use of tbo art of the engineer 

Colonel Owen next seeks to avail himself of tho fact that the polygonal outline 
of the detached woik icndeis necessary a gi eater iiurabci ot flanking points than 
will bo reqmrod for the ditch of a continuous lino Ho lockons those of the 
former to ho flio in nnmhci foi each loit, while for tho littei he places three 
caponiers to ono mile Now, apait fiom the fact that tho ditches of each foit 
may be flanked thoroughly flora four in place of fiio points, it may ho remarked 
that two of these caponieis fiie from one face only, while all tho capomeia of tho 
continuous line fire from both faces, also, that the length of tho lino flanked 
being less, tho woik will be moio offlciently dono, and in each case by a smaller 
number of men Howevoi, the diffeioiico is not leally so groat as Colonel Oworj 
makes it appear when he proceeds to apply his estimite Ho takes thiee forts 
to two miles and a quirtoi, placing ono fort at one end of the line, whoreos, 
when dealing with tho caponieis of the continuous hno, he places each extreme 
ono 300 yards, tho full length of his line of defence, within the ends of the hno ? 
so that m place of 16 to 7, as ho states it, tho piopoition should he 10 to 0, oven 
atooiding to his own estimate Again, with regaid to the actual guaid loquired 
for the parapet, who, with tho piopor rehefs, aie dignified with tho title of a 
minimum gamson,* it will, 1 think, be scaiooly necessary to piove that the fort, 
forming a continuous enclosure less than 800 yards inpciimetei, will loquire uo 
more than half as many men to guaid it as will bo neeossaiy foi a continuous 
hne ono mile long Oi, taking tho gamson as hmited m number, say, to 300' 
men per milo, will not the duty of watching and guaidnig tho shortoi length of 
scarp bo of the two the moie efficiently poifoimed'' Colonel Owen saysf the 
fortification is to do instead of men, but yon will have to execute your woik on 
a scale most gigantic, and to build your escarps with dimensions most stupendous 
before you can do without defenders 

But, wo ore told,t tho inteivala aie left to taio care of themselves, "the 
detached forts, to he of any use, requiie a strong manoeuvimg aimy in then 
rear ” Hero, I think, we ate getting upon different ground, and mooting quito 
a diffeiont question, nud ono which I wiU presently discuss What we aie 
concerned with now is simply the ganisons reqmicd foi the woiks in each case 

With regaid to the assertion that the amount of tiauiing requuod for tho 
defenders is less m tho case of continuous lines, I must confess that some 
authoritios lay it down as a lulothat detached Woiks ought to be defended hy well 
disciphned tioops, but so ought all woiks of defence, if possible And I think 
when we consider the heioio defence of Aiab Tabia, at Silistiia, against tlie 
Bussians in 186i, it must be allewed that theie is nothmg in the nature of a 
detached work which lenders it unsuitable for ^defence hy oompaiahvcly 
untioined tioops Tho most heioic defences on locord aio those whole poweiful 
moral foioos have been hiouglit into play, and tho patriotic feelings of the 
besieged have not only oonvoitod cveiy man into a finished soldioi, but have 
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GTidiicd Inm with a spiiit of solt-saciifice and itsolution which must ho often 
wanting o\tii among tho best disciplined tioops, besides, the rule which I have 
iiicntionod is not exactly nppUoablo in this case, foi the comparison is hero to bo 
inaeh between a simple ooutiiiuous hue and oiio of detnohed foits, both soino 
8,000 yiiuh 111 float of tho miiei cnceiutc, and not hetiveon dotaihed foits and 
tho mam emlosmc of a foitiess 

On the olhei hand, it may be ieaBonabl> aigued that the defendeis of tho 
■smiplo coutnmous line arc subject to an adioisc influonco fiom which the gai- 
nsons of detached works aie entiioly free , and that is tho uucomfortabk feeling 
that all then ctfoits, however deteirained, to keep tho enemy out of then position 
on one side, miy bo rendcied entuely fruitless from his forciug his way in at 
another, ns tho moment a sunple continuous hue is foiocd at any point the whole 
must fall , the defenders, gnus, ammunition, and stoies ot every description, 
being at the moicy of tho assailants It is tiue that, m the papei under discus- 
sion, an attempt is made to dispose of this objection by the assoitiou that a hne 
of detached works is piciced alieady, but, suiely, this is contoundmg the 
pieitmg n lino ui a military sense with maichiug tioops into the mtoivals 
puiposoly left between detached forts. Until those foits are taken their gar- 
iisoiis must be deemed seouie fiom the assadmits, and the occupation of tho 
giound between them and tho inner hne would ho, as I hope presently to show, 
impossible for an enemy witliout the previous captme of at least one of the foi ts 

The thud conclusion nigcd upon oui attention is, that “ tho defeaoo of a con- 
tinuous Imo IB simplci and easier understood by generals, by officers, and 
by men ” 

This conclusion seems to bo based, so fai os tho geneiol is concerned, upon 
tho difficulty which it is supposed ho will have m commuinoatiug with tho 
commandants of the seveial foits This is piessed upon us as likely to embarrass 
the gencial, and to lead both to mistakes and to an absence of iimty in the effoits 
of the dcfendeis This soiuce of weakness, however, may now be consideied as 
ulmost totally removed by the intioductioii of tho electric tclegiaph , by its aid 
constant oommauieation can bo kept up between the goieinoi and those in com- 
mand of tho outci works, and by its aid will bo loadered fiuitless even tho 
hypotliotioal summons by the besiegois at eaily dawn, conconod and put 
forward* as likely to load to tho sunendei of at least ono ot the foits 

As to the commandants of tho foits, I picsumo that cvciy offioei placed m 
command of a post makes it Ins business to study tho couiae of action winch he 
ought to pui sue when the bout of tiial oinves, and I do not see why in tins case 
it IS to be supposed that thcie aio any difficulties to be masteied which he would 
not liaiotoooutondwith,if m chaigoof a poition of a continuous Imc Detached 
woiks aie no iiov cities We have felt then influence ouiselvts m conducting 
siege opeiations m foimor wais, and the instanco given aboie of the defence of 
Aiab Tabia by the Turks, to which others might be easily added, will suffleo to 
show that detached works huve been and can be successfully defended, without 
producing any extiaordmaiystiam upon the raihtaiy capacities of those respon- 
sible for then defence , 

Additional difficulties for the defondois will, m Colonel Owen’s opinion, aiiso 
fiom the anangomonts made foi pioiiding flank defence toi the ditches of each 
« P..gc 176 
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foU, and no doubt tlio fiocbt access possible oiig-ht to be aftoidcd to tbc riiponni^ 
nud galloncfc coustinctcd toi this puixiosc But pioiidcd thcio is that lice 
and icadj access— uud thne is uo icason foi the couliaiv', evcopt poihaps m the 
case ot cQtmtorsoarp galleiies— is it wise to coiidtinn suchclofcnces fui ginug (foi 
it leally comes to this) too much secuiity to those who aio mnlang use ot thorn P 
Has the nit of the engineer become nt last too pcifcct ? And beennso wo piotoel 
biaTo men from the effect of an. enemy’s fiio, are those men likely to hccomt 
sknlkeisP* In tho papoi before ns the compniatiio dnikness of those “hole 
and cornel flanks’’ is contrasted with the light sti earning down from tho hcaiciis 
above upon tho defendeis oi nn open flank, but wc must add the stream ol 
enemy’s shells, to eomplcto tho pictme 

Moroovoi, undei ground oi cosemated flank defences will haie to ho provided 
in tho case of eontinuons lines on the Goiman trace Tho salients of the caponiers 
willhave to be defended eithei by counterscaip galleries or casemates in the csoaip 
of the line itself, and these latter woiks, equally with the flanlcs of the bastioncd 
line, may bo battered and bleached from a distance unless faced with non It 
is better to have a httle difficulty in getting to a flank than to have a flank so 
placed that, m a day’s filing, the enemy may rondci it useless 

In. tho 5th conclusion, it is asseited that continuous Imos appeal most to 
the patiiotism oi tho citi/cn, and it is aigued that voluntcoi detondois will be 
easily found to oo-opeiato in tbc defence of tho walls of then native town, but 
not easily to compose gairisons foi detached woiks The foimei pait ot this 
aigument may be quite tiuo, but it is not much to tho puipose , for a coritmuous 
line of dofonoos 8,000 yaida in front of the main eiiclosuie is not exactly analo- 
gous to tho walls of a town The patriotic feeling which would be called into 
action by an invasion, should wo unhaiipily become subject to one, would 
certainly bring foith defendcis foi the advanced lino of vvoiks, whethoi they aio 
detached oi eontmuons Both lines aie on an equal footing os to then distance 
from the mam euclosure, nud thoie is no doubt that the ganisons of tho detached 
works could be either relieved oi leiufoicod when nooessaiy, foi, as will bo 
presently shown, the giound within the outer hue could not bo occupied by tho 
besieger’s army, while that outer Imo remains intact 

The final deduction is commenced with tho statement, “ that continuous linos 
have been well and fully tiiod foi thousands ot yoais ” 

Now, it IS peifectly tiue that continuous lines hav'e been from tho earliest days 
of fortification applied to foim the mam cnclosuic of a town oi mihtaiy position, 
but so far as I know, this is tho flist time that they have been proposed foi 
apphcation to nn extended position, some 8,000 yaids in front of tho mam enclo- 
Buie, upon a permanent scale Tho histoiy of formei wais tolls ns tliat for a long 
period it was the custom to defend military positions by extended contmuous 
hnos, but history also tells us that such linos weio almost invariably broken 
thiough with ease by then assailants, and ui practice, as well as theory, modern 
engineers show a decided piefeienco foi detached Avoiks alone where the defen- 
ders aio very numeious, and for detached works connected by lines when tho 
contioiy is the case, lightly lejectmg the simple continuous hue on the ground 
that, foi want of independent defensive points, it effects no economy in tho 
uumhei oi dcfeudeis, and must fall thioughout if pierced at any one spot 
» Pige 1/? 
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Colonel Owen claims tlio lines of Gallipoli and Balnklaia as cxamplog of 
conlinuoii', lines, but tlioj foiin eoiiibiualioiig in eatli case, of the two pimciples 
of coils! 1 uc I ion 

It IS tine tliat the positions uiciicd to iit foitiflcd oulj Mitli ficldnorU, 
but in ditiliii" Mitli pciniancnt dckiucs, the iciisoiiinii mIiuIi lends to tho ie]cc- 
tioii of (lie siniph eontiiiiioiisliiic onh giimstoicc iiid m eight when iio considoi 
that the position to he loi titled is a long distaini m id\ into ot in iiinci line 
And on L\imimng thi difioient toiti esses of Em ope mc tmd tliat such adiaiicel 
positions aio iniaiiahiv occupied hy detached Moiks Wc aie told in the pipei 
undci discussion * that it is not niso in English cngiiiccis to stake out a now 
lino, and tint in huilding detached woiks in sudi positions we aio acting in 
opposition to the practice of all Euiopo, that “ the PiLlgians on thu Scheldt, the 
Kussiaiis on tho Vistula, and the Fionch at Lille luid Toulon, aio now huildiug 
continuous hnes of woiks ” But this is a vciy iiupeifcct statement of tho leal 
faets If dependence can be placed on plans, the contiiiuoics woiks now being 
built at Toulon foim but a inodoiite extension ot tbe oaginal enceinte, lu fact 
to gne iiioie loom toi docks Hie old enceinte, I picsnmo, will be removed, and 
the now woiks will nowheic be inoio than 1,000 yaids trom tbe point piotcotcd, 
w hile on tho heights ai ound are detached w oi ks, limit, no doubt, foi tho purpose 
ot pieventiug the appioach of an enemy within bombaiding lange of the 
dockyaid 

Agaui, at Modleii, on tho Vistula, whieli I imagine to bo tbe Eiissian foitiess 
alluded to, tliero is an innei hue oi citadel immediatcdy coroiing the baiiaoks 
and stoics, and about 1,000 yaids in advance is a seoond continuous line of woiks, 
the fronts of which are stiengthcned by laithns Suioly, in ncithei of these 
cases are the new continuous woiks analogous to the lines which Colonel Owen 
xeoommejids us to build 8,000 yaids in fioiit of om dookvaids One would 
suppose from his statement that detached woiks weio novel limit by Continental 
engmoers, but what is the fact? They foira a veiy consideinhlo pait oI tho 
fortifications of ncaily all the most iniiioi taut places, while m some, as at Lv ous, 
foi instance, they constitute almost tho whole system of defence At Cheibouig 
tho laud defences consist of an enceinte in eluso piopiiiq^uity to the docks and 
buildings, with detached woiks about a mile in advance In Austiia, vvo aio 
told by Colonel l)elaficld,i the gencial system of defence “lor harboms and 
cities 18 to sun ound thorn with detached torts oi lodoubts encompassing a gient 
suifaeo, within which the city is beyond the reach ot an enemy ’s guns ” “ 'I he 
redoubts aie for gaiiisorts of flora 60 to 200 men, and m some few mstaiices for 
1,000 men ” “tho goigo having a masoniy eiieulai redoubt" “The old 
eiloeintes are pieseived as mteiioi hne's ot drtence m borac instances ’’ 

Colonel Owen goes on to say, “ that nothing m the art of wai has been dis- 
covered to supersede Bie old fashioned ditch, rampart, and paiayiet, not only ns a 
battery upon which to mount guns, but ns a means of keeping the stionger flom 
closing with tbe weakei ” bUt suiely he will allow that detached woiks can 
have ditches, and ranipaits, and paiapets, a& effective for the piotection ot the 
troops withm them as wOio ever applied in the Tforin of continuous hues 4nd 
think a little consideration would seivo to show that the guns placed on then 
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teiiepleius, tliougli certainly fcwoi in iinmbei thin can ho mounted along the 
rampaits of continuous lines, will eacicise piopoitionately a gieatei influence 
upon the eflbils of a besiogci, and be q^uito as diflicuU to sdem-t 

The mention of these points opens up the wholo question as to which of the 
two systems offeis the most effective opposition to an aimy desirous cithei of 
foicing its way lu for tho purpose of gaining complete possession of the dock- 
yard, or of attaining a point fiom whence it may be homhaided In the papei 
hefoie us it is alleged that tho foits being a mile apart, and affoiding therefoie 
peifeotly oponinteiialsof about 1,300 yaids, the enemy may pass between them, 
eithei to attack them at the goige, oi to entiench thein&ches on tho ground 
beyond, within bombaidmg range of the dockyaid In iaot it is assoited that,* 
“ except m some very exceptional cases, tho whole of tho giouiid within tlie line 
(of forts) may be held by n poweiful besieger, the line ot foits remaining intact ” 
If this weie possible, thcie would indeed be no pioteotion fiom bombardment 
affoided to the dockyard, and the forts might as woU have nevei been oonstnicted 
But IS it possible " 

To discuss the question on the ground selected, and subject to the same limita- 
tion, I will presume tho case to he as supposed, and leave out of sight, all acces- 
soiy defences and obstacles, as well as tho possible existence ot other detached 
woiks between the inuci and outei line 

That a body of mfantry might rush thiough the intei vals is taken foi granted, 
and I will not deny that they could, subject, howovei, to the necessity which 
they would be midei of executing the movement by night The attempt to 
Tuaioh up to works, such as these model foils, in bioad daylight, subject to the 
flreof numeious and poweiful aitilleiy along the whole loute, and finally to pass 
within 730 yaids of then flanks, mounting each 10 or 11 guns so placed that 
they could not he silenced, would ceitainly be too hazardous to attempt, and if 
attempted not likely to succeed However, having got in, these troops, we are 
told, aie to mtionch themsoh es on the unoccupied grouud beyond, and “ tho next 
night they can, in nil satety, bung in guns, and open a file on the gorge of the 
fprts 01 on tho inner lino ”)• Maik the lapid sequence of the events, and howaU 
difficulties seem to yanish undei tho vigoious trcntiuent of this imaguiaiy foe ' 
The infantiy had to make a lush of it, but the guns and tiains get by next night 
“ in all safety ” Unoccupied giound is piesuraed to bo safe fiom the file of both 
foits and inner line, though tho distance between them must be uudoi 8,000 
yaids, and our iifled guns have ranged 9,000 But then tioublcs have not yet 
been all got over Having to lemam vvheie Ihey aie foi some few days at any 
lato, communication must bo kept up with the infeiioi, provisions and supplies 
of all Sorts brought m, sick and wounded taken out, m fact, the thousand and 
one journeys that caused ns such tiouble and labour at tho siege of Sevastopol 
But what of that ^ A communication is soou made leading from tho innei to 
the ontei position It will have to he some 8,0QP yaids long, it is tiuc, and will 
have to pass between the flanks of two adjacent forts , hut does that mattei P 
Do we not all learn to malce sgps aud double saps on the oiest of the glacis, much 
nearer to the defendei’s woiks ■’ We ceitauily do , but not until the artillery 
file is silenced , and the gUns in those flanks until silenced would quits pievent 
the formation of any sap lu the position pioposed 
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But I may ask, is not tins piojcct of attack quite coiitraiy to all oui leceived 
opinions upon the suhjcct? llie difficulty of communicating -with tho fiont at 
the siege of Sevastopol was eveessne on account of the distance and tho had 
stntt ol tho loads, but would not those difficulties have been insupeiablo if the 
Russians h id posbcsscd a couple of foits such as these we aio discussing, one on 
eacli side ot tho load within 750 jaidsf* And would not the captme oi both 
those toi ts have been a necessity bcfoie any attempt was made to occupy ground 
bojond them, unless some othei and secuio louto hadbeon open to us^ And if 
neccssaiy then, would not that necessity be thieefold moie iiigent now, wben 
forts aic aimed with lifted guns such ns we possess? Or, to take another illus- 
tiation fiom tho same siege, the ledoubta, thrown np by tho Russians in fiont oi 
tho Caiconing Biy, vveie nioic than 1,000 yaids distant on the light fiom the 
line along which appioaohes were being pushed foiwaid against tho Mamelon, 
and fiom thence against tho Malakhofl Towei , hut those appioachos could not 
have been made had not the Russians been diiycn out ot the ledouhts above 
meutioncd If those ledouhts excited such influence in 1855, will foits have less 
influence now >’ 

Howevoi, an instance is quoted of the inability of a foit to pi event the passage 
of aitilleiy by it m the night Napoleon passed his guns and tiams undoi tho 
flic of Fort St Bane IVhat has been done oneo may be done again 

Let us look a little moie closely at this illustiation On leaohing the Fort 
St Baire, in his famous passage of the Alps, and finding that it thoioughly 
commanded tho load that he was tiayeising, Napoleon duected cieiy eff'oit to be 
made to talio possession of it Its outei defences fell into his hands by a sue 
cossful surpiise, hut the foit itself resisted all his attacks, many lives boiug lost 
in tho fruitless assaults made upon it Finding himself baulked in his fiist 
project, Napoleon set all his staff to w’oik to discov ei anothei loute , hut, though 
they Buooeoded in finding a piassage foi infantiy secuic fiom the file of tho foit, 
they could discover no pass piacticablc for aitilleiy Then it was, while the 
gannson were amused by these effoita and leseaiches which weie being earned 
on alliound them, that Napoleon diieotcd tho load thiough the village, under 
the very omhmsures ot tho fort, to he coveted with dung and othei soft mateiial, 
and succeeded in, at last, gelling his gnus and tiaiu thiough, but not without 
some loss So wo find that Napoleon, though the boldest of gennals, thought 
it nocessaiy to take this loit befoio attempting to steal by it, and expended time, 
as well as the lives of many men, in tho eftuit But, aftei all, there is no leal 
analogy between Napoleon’s passing this foil and tho attack imagined in the 
paper under discussion Napoleon’s aimj was not cut in two, os would be the 
case with these hypothetical besiegeis , and he had no need ioi commumoation 
backwards and foiwaids along tho load, which he had once successfully 
traversed 

I contend, therefoie, that taking these foits even subject to the limitations 
assumed, they would not pr^ve the total failuie which is alleged, hut would 
exercise such au influence upon the invadois as to compel them to sit dowm and 
besiege them in the ordmary manner But it is not feu to tike up tho question 
in tins way Theie is no room foi supposing the possibility of an attack in the 
manner pioposed, as the following considoiations will show’ — 

First— No invasion could he so sudden, and no suiprise so complete, that the 
commandants of our naval poits would not have at least some days' warning, 
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Auimg -wliicli each, could look to and strengthen the land dclcnoos of hia post 
And when ■we rememhei tho numerous populations which siuiouiid out clotk- 
yaiils, ns well aa tho imhtnty lahoui at command, we may salelj gi int that thcie 
would be ahundant time to cicate such obstaelcs acioss the iiiteiiiah between the 
toi ts ns -svauld deny to a hosuger tho possibility of tiaveisinfr tbcni, subject ns 
ho -would be to tho flie fiom tho flanks lucldworlvs might he tin own up, 
forming a continuous line between the forts, but retiung well back tiom them, 
and stiengthened at the le-entciing angle by an enclosed woik 

Second— It 'will ho seen that the tcasibility of tho pioposcd attack is m a great 
mcasiue dependent upon tho assumption that theic is inioccupied gimmd 
hotween the mnei and ontei hue, but which is seen from neither This is alto- 
gothoi a question of site , and the piobabihty is cither that such ground would 
ho defended by some intermediate woilc, oi that tho line of outer w orks would, 
at that point, leooil as it were upon the iniiei defences, the position talicn up 
being such as to screen tho point protected fiom tho view ot an inemy s batteries 
It 13 admitted* that in the case of a peifcctly level site, by giving the worlcs a 
good command, the whole apace hotweou the inner and outei hue may be bi ought 
undoi flic with nfled oidiianoe, so that tho occupation of any part of it by an 
enemy -would bo londciod impossible, ond fiom what has Iwen shown with 
icgaid to the compaiative cost of continuous and detached lines of woiks, there 
IS no doubt that wheie it is considered advisable to consti net mtei mediate woiks, 
that plan may bo adopted without any teai of inoi easing the total outlay beyond 
what would have been required for a contmuous lino 
Putting aside then, as ohimencal, tho notion that an enetny could hold the 
ground within the forts, the line of forts lemaming intact, I will proceed to 
say a few woids on the lespcctive qualifications of these two systems of defence 
when attacked in fiont by a powoiM besiogci 
3?0i oentuiies, all ongineois have conuiiied lu the propriety of thiusting out, 
as it were, ui fiont of the main defences, stiongly maiked salients, foi the pur- 
pose of 1 educing the points of attack, and ot massing upon these points all 
nvailahlo means of defence, so as to ncutiahse as much as possible tho supeiioiity 
in numbers winch a besieger is presumed to possess Now, this most important 
principle receives its very fullest application m a lino of detached woiks, but is 
totally neglected in the eontinnous line On the lattci, the enemy can advance 
with a bioad front, and on nnmoions points Along tho gicat extent of lino 
attacked, the besieged will he thinly scattered, and, disti acted by having to 
defend simultaneously so many diffeiont spots, all equally fatal should the enemy 
once break m, it would bo unieosonable to expect from them a suooessful defence 
Here I claim a veiy decided snpeiioiity on the part of the detached works , and 
it may be lemaiked that tho smaller the numboi of troops available foi the 
defence, tho mmo decided will this supenontv be 
Audit we picsniuo that the gairisons are sufficiently munoious to resoit to 
inoie active mcasiiiLsof defence, tho compaiisow will again he immensely in 
favoin of the detached -woiks Tho facilities they afierd for sorties, of which a 
stioiig gauison might he expected to mako a good use, will give them a great 
advantage over continuous hues It is all yeiy weE to say that sorties aio not 
» Pago 174 
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difficult flora piopcrly consti noted fortresses, but if that be the case, why haie 
tii^iuoLis, m the disuo to guc fiee egress flora the works, pioposed, aud m 
aituiil iniLtiLL \eiitiiit(l, to buppie»3 couiiteiscaips altogethci P But whatever 
difficiikits Ikivc luen expcneticed iii salljing flora a foitrcsa, these difiioulties 
will tvist lu tenfold lot cc uhcii the hue defended is a simple continuous enceinte, 
owing to tho iibscni-e of inielins oi pi ojcctiiig salients of any dtsciiption 

Oi buppobing that an cnemj weie bcbieging one oi om naval stations on one 
bide only, and that out foicos in the intciioi of tho country moved down to 
loliovo tho place The general in command of this relieving aimy might bo 
desuous of bticngthomnghisclianco of success by combining, with his own attack 
from without, a poweitul movement fiom tho foi tress, and a few thousand men 
lining been thiown into tho place foi this pui pose, I contend that they, m addi- 
tion to tho legulai gamson, might sally out between the detached woiks, then 
advance hciug supported and covered by the forts, with an ease and foioo which 
would he nltogcthei denied them in the case of continuous lines 
Affmding such advantages as these, and affoiding them, too, at the most 
modciatc cost, it is no woudci that cngineeis, when seeking to prevent nn 
enemy fioin closing with the mam defences, have invaiiablT built detached 
woiks at buitahle distances in advance Aud I may ask, is not tho expediency 
ot adopting such a course, greatly met eased by the impiovements which have 
taken place in aitilleiy P While, on the one hand, the position to be taken up 
IS much furthei in advance, andthoieioie more extended in length, on the other 
the longoi ranges attained by rifled guns enable us to cover tho ground with a 
smallci iiumbci of woiks, and theieby diminish the total outlay And it with 
theshoitor line it was deemed advisable, on the sooio of economy, to build 
detached woiks rathoi than continuous defences, surely, in deslmg with the 
longei, we ought to follovv the same course 

Cases might occur in which {as is stated m tho article in the 9th volume of 
“Piofessional Papers,” befoio alluded to) it might ho deemed necessary to sup- 
pi ess the innei defences , and in which therefore it would he bettor to connect 
tho detached works so as to close the interval between them , but this would 
eflcct no altoiation in the puiiciple on which detached works weie applied to the 
position, Advocates of the continuous hues may perhaps say, “ why, here is a 
continuous lino after all, the very thing vve were contending for , ” and at first 
sight it might, peihaps, appear that tho pomt has been reached at whioh the 
opposmg parties may shako hands, and consider that an amalgamation has 
taken place Put in looking more closely at the matter it must bo acknow- 
ledged that the independent system is still there, the onginal detached woiks, 
secure in themselves and denying tho occupation of tho lines between them by 
their perfect flanking flio both within and without, an element which is, I 
apprehend, altogether wanting m the simple contmnous hne But, it may be 
said, “ we will create defensive works along our hne, which it will be possible to 
maintain after the enemy h#s taken possession of the curtain between tliem ” 
And now, at last, I will giant that there is a chance of cementing om alliance 
Our lines arc certainly growing alike now , lyid if these entioncbed positions 
are made equally as strong and solf-defensive as the detached w orks, 1 am ready 
to allow that one line will he as good as the other But what an expensive 
way to go about it ' The curtains between the detached works need not cost 
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half HO much as tho Bnmo length of the continuous hno A1 ould it not have 
been much bettor to have taken up the principal positions fiist, and occupied 
thorn with poueiful, ivell constinoted foits'* In oaso of tbioatoncd invasion, 
the inteivals might have btoii sccuicd tUiough tho aid of the many thousand 
hands which would, ■woik in such a cause both ■willingly and well, and as yeais 
rolled on, aocoiding to the peculiar exigencies of each case, if iiioiicv could ho 
spared, poimuiicut lints might haiehcen substituted toi those oi a temporaiy 
character 

Having no'w brought tho examination of my subject to a close, I will sum up 
what I have been uiging as follows — 

Independently of the exigencies of site, which will often dictate the course 
which can with most propiiety be puisucd, tho system of detached woiLs seems 
the most advantageous -we can employ as an advanced lino ot defence 

1st ~On the scoie of economy, both in the expense inciuicd, and in the 
numbei of defeudeis 

2nd — Whathei tho garnson bo numeiousoi tho reverse, it may be, relatively, 
used with tho maximum eflect 

3id —Though peifeetm themselves, dotnehed works can be easily added to, 
should the necessity occui , without any alteration ol the geiieial scheme of 
defence, or any departure from the piinoiples on which they weic constiuoted 

JOHN J WILSON, 

Captain, Boyal Euginecis 
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SIEGE OPERATIONS AT GRAUDENZ 

1862 

COMMUNICATFT) B\ COLONEL NELSON, RE,* 

Accompamld by E\rKACis iROM A Report on the same supj'Ct by 
Major Orneral P W Hamilion, CB 

Tbcfoitross of Qraudenz Lo-j on a commanding height, insulated fiom the 
suirounding oountiy by the low giound between the Ossa andTueulie, while 
its gorge lests upon a sticp bank ol the Vistula 

The imniediAte pioMmitj of the toitress is flee flom buildings, and on tlio 
north Bide, at tho toot of the glacis, thcie exists a piece of ground. G18 yaids by 
412 yaids, belonging to the Goaeinmeiit, foiinerly a sappers’ piactioe giouiitl, 
upon which the oontoraploted works of attack could be uudei taken, as fat as it 
would bo neccssaiy to break giound 

Tho enoeiiitc, built after the designs of Fiedeiio the Guat, is aery stiong in 
trace and piohlo, and its dclcnsivo capabihUcs aio little, it at all, affected bj tho 
introduction of iiflcd cannon 

In its fiont are situated detached woiks, wliicb, although small, arould solve as 
useful points of suppoit foi the occupation ot the giound outside tho loi tiess by 
au active dcfcndei There is, beside^, an extensive system of omuiteirames on 
each ftont, and this would admit ot such experiments in mitiiag, (which will 
piobably play a most impoitantpoit in futuie sieges) as would be possible at no 
other place 

The union of tlm above-mentioned favouiable ciicumstauces docided tho selec- 
tion in favoui of Gi ludenz as the tbentio for the proposed opeiations 

The general plan of tho opoiatious was adapted to the foi m of 

snora so emo piece of Goveinment giound An aimy on the east, on tho 

light bank of the Vistula, was supposed to detach an infantry division, a legi- 
ment of cavalry, and foui fiiJld batteiies towaids Graudenz, in cider to senue a 
safe passage acioss tho rivei by the capture of the foi tress utidei the '■npjiu.jition 
that the railway biidgo near Maiienbuig and'Diischau was destioai J ’I hi- 
was presumed to be followed by the despatch of the siege equipment [uni 
Moiienbuig, one pait by the Vistula and the lemamdei by the way of M ai k- 
• Translated from the German raanusciipt bv the editoi. Colonel Nelson’s si'ht being 
at piesent too weak to allow him to undertake much wilting 
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werder Sinmltaneously ■with these opeiations on the right hank, others were 
supposed to he earned on against tho works on the left bank of the Vistula The 
fortress was assumed to have its piopci eixuipmcnt and gauiaon 

The actual attack was to be earned on against bistiona Nos IV and \ , and after 
the capture ot the detached lunettes Nos III and IV (which command the held 
of attack), No IV ravchn and bastion wcie to bo chosen as tho special points 
of attack 

The duration of the piactice was limited to 0 weeks, of whicli 
2 were allotted to tho piopai xtions, and 4 to the actual siego woiks 
As the dischaigo of the leseixo* was to take place on the 1st 
Septembci, tho piactice commenced on the 12th July and ended on the 23id 
August la the last week of August the levelling and disarming of tho woiks 
took place 

Three Sappei Battalions of the 1st Sappei Inspection — total 
PoMonaei gg offiloeis, 128 non-coinmissioned ofRccis, and 780 Sappeis, were 
ordered up to Grandenz to take part in tho operations 
There weie, in addition to the number of officersjust stated, those on the staff of 
the Sapper Inspection, making with some others a total ot 53 officers, tho distn- 
bution of whom and of tho tioops was as follows — 

a For tho attack, 29 officers and 7 Companies of Snppeis 
5 „ defence, 14 „ 3 „ „ 

e „ a committee to direct experiments and lecoid icsults, 

7 officers 

The chief command, especially of all practice in connection with the Infantry, 
was given to Lieut General von Wasserschlehen, Inspectoi of the 1st Engineoi 
Inspection 

Tho technical poition fell to the chaige of Colonel von Sohwomitz 
Lieut Colonel Ckusma (Commanding 1st Battalion of the East Piussian 
Sappers) was Commanding Engmeei of the attack, and Major Braun (Com- 
manding the Battalion of Sappers of the Quoids) was Commanding Engineer 
of the defence, Major Weber (Commanding 2nd Battalion Pomeionian Sappeis) 
was Piesident of the Committee of Experiment 
The military attaches of tho English, Austiian, and Frcuoh embassies weio 
permitted also to be present ' 

siatenei £1,050 was allowed for the pui chase of siege matouel , 

the equipments of the thiee sapper battalions, 14,745 lbs f ot mining 
powder, and (by special permission) 2,268 lbs of gun cotton weie also available 
PtapwatioiiEi authority from the Mmistei of Wat* tho fortress was 

fortkepraotioe placed in a state of defence on tho fionts of attack, whereby 
a Defence much instiuction was afforded both to the Engineers and Artillery 
Tho glacis on the fronts of attack were cleared of brushwood, so that there 
might he an unintenupted view from the rampaits, tho hi ash wood thus 
obtained bemg made into gabions and fascines The covered way was palisaded, 
• This refers to an essential featlire m the constitution of tho Prussian army, in which 
the Laiidwehr of the 1st Bsn is recruited every year by those who have served their 3 
years m tho Line —{See Vniied Service Journal, September, 1880, p 15 ) — II J, W 
d All weights and measures Lave been reduced to the English standards.— Bn 
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tlia (.ntiAiiccs pioMiltd -vMth bamcit., tlio places of aims with blockhouses, and 
otliui Mcuk points sticngthoncd with palisades 

Tlio gniaidhoiists it the gates iieio pioiuled with legiilafcioaa suitable to a 
state nt will 

'Ihc d( tiched lunette N'o IV , winch had n. redoubt but no leVctment, waa 
III i(k siciiit amitibt issiidt bj' a palisade at the bottom of the ditch aud at the 
goigi , 1 timbom WHS also coiistiuctid to covu the enhance 
Till euuntoi mines weio hkewisi, nmdo icady loi seivice, the masoniy galloiics 
being eschndLd with flames, niino eliambus foimcd, and all necessary piepara- 
tious mide tor siibteiianuiii waifaie 

Gnus weio moiinhd oii the i imparts to oppose any attack by mam foico, and 
pioi’ided with the necossny iiiateiiel foi then semee 

Ii\ei> thing pi eseiited the appenanoo ot thofiont of afortiessiegulnilyarmed 
4 Athot attaek, immediately aftei tho ariiial of tho 

bosiegoi’s toieis, tho foitiess was loconnoitied by the ofliceis, aud 
tho fioiit of attack detoiiinnod ou , put ot the Sappcis were moiod into oad- 
tonments, aud 2 eoinpanies wti o cneamped, ehniiging weekly 

Positions WHO seleeted foi the depots, the depots themschos auatiged, biush- 
wood and mining timboi prepaied, and tools provided acootding to legulation 
Tho aitillery paik and tho piuioipal matoiiel dep6t weie placed on the same 
plain as the camp of tho Siege Coips, 2,470 to 2,880 yaids from tho forticss, 
oonoealod from it by thonatuioof tho gioiind The laboratory and pimoiyial 
powdei niagarme weie howevei faithor ofi, 4,910 to 5,780 j aids distant east 
and Vicatot tho Maiieiiweidei Road 3,000 gabions and 1,900 fasemes woia 
colloeted in tho Engmeeis’ depot 

Those picparations occupied two weeks, a period which, in an actual siege, is 
also lequLsite between the ariival of the Investing Cotps and the opening ol the 
tienohes Tho supply of tho vaiious siego matenals alfofded much praotiool 
mstimotion to the officers 

p a «f>£ commcaccmevt of the siege by tinoing the distant batteijes, 

tUo sifsp ° such as the long langes ot rifled cannon now lender admissible, had 
been aiianged m consultation with tho Artillciy, and the clisous- 
sion called torth on this occasion has coiitiibuted to make mani- 
fest tho changes which lifted cannon will intiodiiee into the tactics of sieges, 
and to dimmish as much as possible the number ol points which must bo 
reserved for tho actual experience of wai Tho posihon of these batteries,* aud 
the progress of tho attack aio shown on tho plan 

The trace of tho 1st parallel was determined by the form of tho ground, and 
occupied a position 620 to 6b0 yards from the fortioss, the same as was selected 
at the siege of 1807 The actual cxoavation of the 1st parallel was not uadei- 
taken, because as the fields weie not leaped, tho compensation money w ould 
have been out of propoition to tho funds available for the operations To adi ance 
from tho first parallel, it was xecessary to capture lunettes Nos III and IV Tho 
storming of the aimed lunette No IV foi med therefore the commencement of tho 
operations The front of attack and No IVlun«tto weia occupied on the 26th 
July by eleven companies of infantry The troops told off foi tho attack weie 
• The position of the whole of these batteries is not shewn on the plan attached to this 
paper They were most of them behind the first parallel, at a distance from it varying 
from 460 to 35 yards, acooidmg to the nature of the ground — Ed 
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foiniPd m oidoi of r)rticli7i\™ts of aapiicit, ioino%etl tlio obslxcUs 

liofoiB ( 111(1 m the ditoh of tho lunette, iiiii iindi A jiAitiol opening m the 
palmidoa by e-s:ploding a po^idci bag, tlunugb iihu h, ittti lopiilsiiig ii soitio of 
the gariiion, the infnutiy iiiimediatelj luslicd, and, ^\lth the aid ot the sappcis, 
enticuehcd themsehes in the lunette 

On the following evening, 2Gth July, the 2iid pii lUcl u ns opem d b> couiinou 
trench woik, its right flank icsting on tho atcep b ink ol the Vistula As on tho 
day before, pait of tho lufantiy wcio deployed opiposito tho tioiits of attack, 
part weie employed in the constiuction of the paiallcl, and inothoi poition in 
coieriiig these woikiiig paities fiom soitics 

Aftei tho 2nd pniallel had been widened and piepaiod foi the leccption of 
the guaid of the tienchos, tho execution of the dcmi-paiallel, by flying sap, was 
caniod out dining the evening mcl night of the 2Gth July In spite ot dilficult 
soil the woikmen soon succeeded in. ohtaiiimg covci, and in excavating tho tionch 
to the necessniy depth 

As the derai-parallel was within effective inngo of smvll aims, the appioaohos 
were now made by single sap, md the flying sap was used only ooonsionally 
during the night Fiom this time foiwnid (ho mihtaiy duties were pcifoimed 
by loliefa, so that tho woik progie'^sed unintcuuptedly night and diy 

The anthoiised method of exccntiiig common ticiich woik and fljing sap will 
not in futuiB leqimo any essential change, since they will bo oamod out uudci 
covei ofdaikness at a gieater distance fiom the toitiess As ugaids tho single 
sap, on the other hand, by moans of which the appioaohos have to be constiucted 
up to the crest of the glacis, it becomes necessary eiiclully to considci whethei, 
owing to tho improvements in file aims, the i ulcs lespccting it can be earned out 
as heietofoie Defoie Sevastopol an cntiic chtingo had to be made in the 
constiuction of the single sap , and the iitillciy experiments earned on at Mag- 
deburg in the present yeai have piovcd that the oidmaiy sap paiapets will bo 
pierced by shot fiom iifled cannon and must theiefoic bo strengthened The 
more difficult question howevei is, ns to how the sap lollei, undei the pioteo- 
tion of which tho single sap advances, is to bo kept in its place ns a moveable 
means ot cover, since its lemainmg stationaiy is liaidly to be dependid on 
These two questions, the solutions of which will he the foundation foi the pio- 
posed levision of the lulcs foi sapping, have been alicady ooiisideied m 
executing the appionehesiu hont of thcdomi paiallcl, and the lodgments on tho 
glacis It was pioved that, as a general lule, the stiougtheiung of tho prinpet 
must he attained by deepening tho tunch, and that instead of the single sap, 
that called “Eid-walzo” oi Tnrkibh sap must he used The moie detailed 
investigetiou of these ascoi tamed results must however ho resei red for fmthoi 
experiment 

An additional and much discussed subject of experiment w as that of endea- 
V onmig to detciniine the most suitable foi m of “ embuscades" or rifle pits Since 
these bad proved to bo of use to both sides at tho e^ege of Sevastopol, it did not 
seem out of place to try a senes ot different proposals for the best foi in to be 
given them, and to aseertain thaj winch could bo most quickly constiuetcd, and 
which, by giving good cover to the rifleman, would faeilitato his arm These 
experiments have led to good results 

On the Util August tho cxcorition of tho 3id parallel and the construction of 
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the imiic lodgment vcie coraijlcted, ■\\lnk on the light flank the mining opeia- 
tioiiti rommcneed, i iiipie iktulcd dcscuiition of mIucIi will he found fuithei on , 
oil the 1( ft fliuik the double sap Mas adv meed to the Piowumg of the glacis 
\.t this stage ot piugiess of the Moith ol attack, the cominmdniit of thofoi tress 
cMeuled an intenestnig defenstec openation on the 16th August At dusk the 
hesiegei mdeavomed to cionn the cineicu Mat bj assault, and to open tho 
pobtein gitcs biv tompanies of iiilantiy ad\anecd npidh liom the tioiiches, 
luslitd into tho coicicd « ay and down into the ditoli They weie howovei 
obseued, and the goiiiBoii lit up the ditch witli light halls, threw shells and 
hand gieiiadcs into it, md opened fire fiom tho flanks Tho assailants weio 
ohligod to retiiB , thej had huweeei Biieecedod, under cover of this mnneouvro, 
in eoranioucing to eiowu, bj flying saji, the coteiod way m fiont of tho salient 
of No IV ittiohii 

The Clowning evas continued on tho followmg day, and ■widened foi the 
assembling ol the colninns ot assault, a bleaching hattoiy constructed in it, and 
the descent into tho diteh commenced The length of time — 10 days — occupied 
111 tho colistiuetion of this descent is woithy ot note It w,is owing to the great 
depth ot tho ditdi, to tho tenaciti of the giouiid, and to the stiength of tho 
masoniy of tho couiitciseaip, which was so gieat that it could bo oveithiown 
only by guupowdei 

As soon as tho hieachmg hattoiy was finished, it was aimed with a slioit and 
long 24-pdi , the biuigiiig of the shoit one thiough tho nniiow winding passage 
of tlio lodgment occasioned no diffieulty, the tiaiisport of the long ono, on tho 
other hand, lequiicd the ei.titioii of gicat stiength andveij skillul manage- 
incnt ot the thickly ciowded detachment It plainly showed hoay gicat an 
ad\ antuge it would be to facilitate tins diflScnlt opoiatiou by the substitution of 
the 12-pdi, iiflod gun foi the long 24 pdi 

Aftei hi caking thiough tlio eountorseuip, the passage of the ditch to tho 
supposed bleach in tho light face ot No IV laeelin was effected, and piepaia- 
tions made foi btoiiiiing tho mam escarp, which was to tornnnate tho praotiee, 
as tho milling opeiations on tho light flink weio drawing to a close 

Tho piepaiations loi the nuniiig opeiations on the pnitof tho 
opirltfoun defence weie eoiniuenccd at tho time ot mounting the gnus, and 
eoiitinned until the opening of the tienches On the giound allotted 
to tlio attack, a space 82’vards wido was sot apait foi the mining piactioe, its 
houndai les wen not allowed to be cucioached on eithoi by tho attack or defence 
These lunits weic imposed, paitlj with icgaid to the means available, and 
partly with a new to the gieatest possible piesemition of the galleiies of the 

couiiteimiuos 

W ithin the mining giound theio weio thicc piincipal gallcuca issuing fiom 
the revetted oouiitor&caip, and piovided with blanches and listeneis aocoidiiig 
to Lahiscli's sj stem These liaMiigbeen lengthened and completed with wooden 
flames, weie leady to opipose^hebcsiegei’a piogiess above giound, and to compel 
him to lensort to subteiianean wiitaio They wcie fiom 18 to 31 feet hdow the 
surface, and W'eio 105 yaids long In conscqaejioe of thou gieat length, much 
cal 0 was lequisitc 111 leguliiting the communication, in the icnewal of tlieair, 
and lu every part of the aunngemeiits, which precautions would not be needed 
in mmuig open aliens conducted on a smallei scale Tho present opportunity 
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■was theiefore]of gioat value foi the instruction of both officers and men , and so 
fai ns could he managed in time of peace, in oidti to gue them still fuithor 
piaotioo, the ivoili. -wis continued without intcimibsion night and daj, and 
eeeiecj on both sides cniefully preserved 
Captain Bogun von Wangenhoim, ivith the niincis of the hattilion of Sap- 
pois of tho Guaid, conducted the dofeuaive raining operntiona, Captain lAurtz- 
rock, -with the Pinssiau and Pomeranian raineia, those of the attack Tlio 
snpeiintendenoe of the operations on both sides was entiustcd to Majors Biaun 
and Wcbei, who lelieved each other every 2i houis 

Tho beaiegei had evenvated a separate lodgincnt m fiont of the 3id parallel 
along the whole bicadth of the mining gionnd Tho left flaidv of this lodgment 
was slightly thrown foiwaid, so that the heads, of all tho ooiinterminB galleiies 
should be at an equal distance of 4o ft fi oni it 
Tlie plan of attack was to ndvanco fiom eight galleiios at a ilistanoo of ftom 
25 to SO ft apart, to mislead the defenders and induce them to make piematuio 
osplosions, thou to push forwoid as quickly as possible, and spiing an over- 
clmiged mine, and afterwards, ftom the ciatei of this mine, to dii>e now 
galleries in difiFor^nt duections 

"While therefore the defcndcis wore piepaung listening stations at the head 
of thou galleues, tho undoiground woil,. of the besieger was commenced on tho 
11th August Ha did not long icmain undiscovcied As eaily as tho 13th 
August the listening apparatus anuouiited that tho besiegei’s minois were 
plainly to bo heaid, and at midnight ot tlie same day, tho defenders eonsidoriiig 
that the hesiogei had come within then reach on the light flank, detoi mined to 
spiing then flist mine loaded with 267 lbs of pow dei The distance had however 
been uudeuated, the gillciy of attack (No Mil) was nninjniod, mid the charge 
piodiiced a small ciatei, which the besiogei occupied, with the new of 
entrenching himself there dm rag tho night and framing a lodgment from which 
he might push on so as to get closei to the eounteimnies The defcndeis, immo- 
diatelv peioemngthe danger which thieatoned them m this ducotion, qmokly 
removed part of the tamping, intioducod a 2iid chnige of 41 lbs of gun cotton, 
and destroyed No IX galloiy of the attack just commenced This chaige 
produced a oonsidoiahle effect, notwithstanding which tho besieger again 
endeavoured to advanco from the same point, paiticulaily as he thought the 
dofendei s had injni ed the mselves hj the explosion As soon as the effects of tho 
explosion became evident, ho commenetd a now gallcr},No X, and worked 
foiwaid eneigetioallv But haidly had the woik advanced any distance than 
It was again deshoyed, the defendois having succeeded in lemoving part Of tho 
tamping of Uieii previous charge, and in loading and firing another almost m 
the same spot 

Equal energy was chsplaved m the defence in the coiitie of the mining giound 
vn «ompl'=toly dostioycd, and Mother 

(Wo VI) 6 feet distant, was londeiod niisciviceabloj, 

Meanwhile the besiegei succeeded on the 4th day of the mining operations 
m duying (unknown to the garnson) No HI galleiy 42 ft long, and in loading 
it wia a offarge of 2,710 lbs of powder The spungmg of this mine opened 
a ranter 7- feet in diameter and 16 feet deep, and destroyed two of the dofendeis’ 
listening galleries, as well as his o-wm galleries to the right and left of it. 
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The hesieseP hiiil, bj the cffict of tlii^ mine, gained possession of 72 foot of 
groimd, and lie lost no time in following up his admntagc, fin inimediatelj' after 
the tiitci Ind been loimed into a lodgment and occupied by nflemen, tinea new 
giillouos, Nos XI, XII, nid XIII, were coinniLUced His actue adversaiy, how- 
i\(r, suriouiulcd him ^Mtll ticsh couiiteimiues, toimul almost underneath the 
Liatcr, mol fa's a sculs of Melt phoed thaigcs, pie\cntcd all his attempts to 
adiaiuo Irom this ciatti up to the end of the operations 

The liLiiogor now peiteiving that lie must xuovido himself with a laigci base 
fin lus liituie adinnccs, itleinpted to lodge two ovei-chaiged mines, one on each 
fl ink The end oi No I gallciy on the light, which would have been suitable 
tor this pm pose, had hem destrojed by the gaiiison He succeeded, however, 
in again cstahJishiug himsflf in it, and ns the defenders wore prevented by bad 
weaUtci, fiom ovplodmg another chaigo in then counter-galleries, the besieger, 
on the 7th daj of the mining opoiations,liuinodly pi epared a charge of 1,031 lbs. 
of gun cotton, toi the purpose of producing a second large cratei This charge 
of gun cotton ooiicsponded, according to Austrian data, to 3,093 lbs of gun- 
poiidti, horn c\puimBnl8 made at Berlin, with gnn cotton prepaied at 
bpanclau, it would ho equiialcnt to only 2,577 lbs of guupowdei, and at this 
lattei rate, the pioscnt diaige coiicsponded about to that which the besieger 
liad first exploded The lesnlt of the explosion did not equal the anticipated 
results, the cliainetei of the ciatei being only 62 loet, 10 feet less than that of the 
fiist ovei-chaigcd mine 

Aftei the hcsiegfi had, by this means pushed foiwaid on his right flank, he 
made eioij cftoit toadnmeo on his left, horn the small ciater formed by the 
first mine ol tlio dcfcndcis, which had been since gradnillj enlarged But all 
his cffoils failed No soonci was a gallery, by dint of gioat eflbrt, oommenoed, 
than the dofcndcishlew it up The hesiegei was consequently obliged to retire to 
the miginal lodgment, and opeiatc tiom thence thiougli gallery No VHI, which, 
was still standing As its diiect prolongation would fall on giound completely 
honey combed by piovious exjilosions, it was turned to the loft, and a charge of 
1,700 lbs of powdii lodged and csiiloded at its end The oiater pioduoed had a 
diameter of fiom 54 to 61 feet, and ii depth of 18 feet The distance fiom it to 
the first ciatei was too guut to illow the besiegei to suppose that the defenders 
had no umnjuicd galleucs between To diivc them out ot these, afljiug sap was 
foimed to coimoct the two eiaters, a shaft sunk in its oentio, and an untamped 
ohaigo ot 1,031 lbs of qiowdcr phieed at the bottom of it 

All additional object of this proceeding was to ascertain, whether it was 
possible in one night to piopaio an untamped shaft mme, and to esqilode it 
the next moiniilg The expcument was successful, and the explosion pioduced 
a ciatei with a diameter of fiom 31 to 36 feet, and 8i feot deep, and sufficient 
pflect was produced to diivo the dofendeis out ot any gaUenes they might have 
had in the mien at 

As a paudlel experiment to the piccedtng one, an untamped shaft mme of 
Bitnilar dimensions to the las?, was pi epared on the following night, loaded with 
412 lbs of gim cotton, and filed next morning The result was a ciatei 29 feet 
in diametoi and 7» feot deep, considciably smaller than the effects of an equiva- 
lent charge of powder On the other band, tho under giound effect extended 
to a mnoh greater distance The difference of action of the two kinds of 
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clungL coolcl bt ckuly disUugmshed . wbilo tlic c\plosi3n of the pondzi «iis of 
a quictoi iiatuie, the eaith was cjrtted la a conicnl ioiia, and the iiiitei Vi\s 
of 11 sjiinijcfiicid shape — the attion of the gnn cotton n aa nueqtial and Aioleiit, 
the eaith was fill own up 3 Cl tic xUt, and fell bach into tho ualci, the sidts of 
winch weio uicguhii and jagged 

Duiuig thcsi piroeecdiiigs of tlio bcsiogci, tho dcfciidcis wore not idk They 
attentively watched eveiy advance ot tho gallciies of attach, cunlnved to 
destioy them by a lepetition of small ehaiges, lud to piodueo such an effect 
upon the cxrth m the immediato ncighbcmthood of the ciatcis, that it lost all 
oonsistenex, and tho o\ccutioji of am now gallenes thus became more and moie 
difficult foi the hobicgei 

On one occasion, when, oftoi tho cnstoniaiy puiifieation ot the air, the miners 
advanced into a eountei-galtoiy, close to which a ehaigo of gun cotton h id been 
filed, an explosion of fiic-damp tooh jilaee, and thioo mineis weie moie oi less 
biunt Tho wounds healed aftui a few days, but this aceidont shewed that on 
ooeasions of this kind, safety lamps ought to bo piovided • 

Aftei eleven days’ uuinteiiuptod excxtions, the besiegoi had succeeded in 
advancing a thud of tbo distance to the cicst of the glacis, with the view of 
establishing a new position by moans of five ovor-eharged mines He had 
duven. 31 galleiios, of which tho gioiitei put had boon destroyed by tho 
defeudeis The lattei had'spiung 10 camouliets, and lost tboir advanced posi- 
tion, bat theu second ono being uninjmed, they would be enabled liom it to 
continue an, obstinate lesistanco It was, howovoi, undeniable that theu 
stiength was beginning to be eihansted, and this was to be oooounted fur by 
the unwearied and active zeal, both day and night, of a compaiatively small 
body of men, and from tho occasional, hut constautly loomiing, illuess arising 
fiom the foul au in the mines 

At tho oonolusion of the mining piacticc, a still larger ovei charged mine than 
any of the pieoeding ones was ovplodod, foi tho puipoae of asoeitaiiniig the 
surface aud suhteiiane m effects of laige cluugcs m nudistuibed giound At the 
bottom of a shaft piepaied foi the puipose, a ohaige of 1,950 Ihs of powder was 
loaded aud flied The explosion pioduced a ciatei 82 ft lu diameteu and 22^ ft 
deep } the enith was thiown to n height of 409 ft , and spiead ovoi tho giound 
lu a circular form with a diameter of ftom 620 to 825 ft Tho subteuanoan 
effects extended as far as 101 ft fiom the cbaigo. 

The mining opoiations thus brought to a conclusion, conducted ns they woro 
With so much zeal and lutclhgonce, have not only supplied piactical lessons to 
those immediately engaged in them, but will by their lecorded lesults bo of 
lasting value 

• I do not know how far our expeiiments in mining with gun cotton hive gone, 
nor wnat has been tliiii given to tbo Corps, hut it would ijipeai from these Graudenz 
records, that tho subject invites furthei attention, and demands decision , especiaOji m 
these days of Long-Range, in whieb we may have to le^rt somewhat more to aubter- 
ransian warfare than lutherto 

“Piie-dimp” (Carbureited hydiogen) thus ignited, yields "choke-damp” (chiefly 
oarbonio-acid gas), tbougli theie aie lithoi sources m coal miiios foi this hst I learned 
at the Sydney mines in Cape Bictoii, that about 1 pait of fiie-damp and 9 of common 
air gave the most violently explosive mixtme, and that tho miners ooiitmue to work 
and breathe foi some slmit Ume m a mixture of 2, 3, or perhaps 1 parts of gas diffused 
through the galleries, even though they have all lamps stuok m their hats.--R, J N 
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Tlie rosiilK ot tlu opcntions nmyno^A k snninif'd iij) Itj. tlw folliniing obsci- 

1 Til il )ii If lici' m nil < ' (.(usivf stem ol covmtciimnes, long diifoiitiimccliluis 
bl I 11 IgUll ll MM (1 

2 JhiL (lie icmnnl ol tlic an in Intig g dlciies, so imtioitaiit a nnttai in 
luuung, Ins 111 Ml, ll^ tiu' mtiodiutioii ol a nev uiixiimtus, eflM ted liottti llnu 
In n tolou 

j 'that the pioldem of tlio i ii taiiiti of the cspliKom of minis, unsolved uy to 
tho picsMit tnm, lias biui, the i utful usc of dittiient luepuiations, so fai 
dettinuiiid, tint no chaigi' missed iiic 

4 dliat listiniiig cvpeumciits foi the dotcimmation of an cncmv’a position 
should bo eitnisinli tried 

fl '11ml the opoiiitioiis of mining wiifiio might bo fiiithei impiovcd niid 
understood, particuhttli as to tho inhic to bo pi iced upon a simultaneous action 
\Mth ovcichaiged mines, thou numbci being dctcimintd bv tho locality 

G That the existing tables ol cbiigestoi osciclmiged mines and cainouflrts 
have been tested and louocttd 

7 That faniilly uii oppoitumfj Ins been afloided of putting to tho pi oof, tho 
Aiistinn assution of the supeiiouty ot gun cotton foi mining piiiposes 

With ugaid to the last obseivation, it must bo itmaiked that the gun cotton 
foi tho pusoiit operations, niide at the Spiandau Poudei Mills, has pioduoed, in 
laigo ohaigts, lufeuoi icsults to gunpowdci, while, on the othei hand, m small 
chnigos, as in caniouflots, an at least equally poweiful subtoiinncan effect has 
boon obtained with it ns with piowdu It has been also ohserted that tho gases 
resulting fioin tho explosion ot gun cotton pioduco moio violent and lasting 
illness than those nnsing liom that of gimpowdoi As a means foi brencliing 
pahsades and stockades, mid loi pctaids, gnu-cotton has established its supeiiouty 
hero cqunllj as in Austua. 

On the 0\ ening ol tho 2Jid August, the final inanoeuvios, in which the lufantiy 
joined, took place 

On the supposition that the light face ot No IV ravelin had been bleached, 
that the fiie fiom the toilicss had been eoniplotcly silenced by the supeiiouty 
of that of the battoiies of attack, that the fliiik defences ot the ditch had been 
dwtioycd, and that tho cncigy of the diminished ganison uas beginning to be 
exhausted, an assault on tho laiclm and an escalado of the body of the place 
were attempted sunnltaneously Tho columns assault of were assembled ni the 
lodgments on tho glacis and adjacent ti ouches The fonnntion of these columns 
foi tho passage of tho gallciy of descent, and the uiiangcmrut of the lequisite 
time were made subjects of piesious caieful ooiisi delation 

On tho appointed signal the fiist column advanced through the galleiy of 
descent and deployed at the foot of the supposed hieach, the succeeding oolumiiR, 
provided with scaling laddeis, advanced along the ditch of tho lavolm, placed 
them side by sidom the ditcl^iaised them up against the csoaip (28 foot high'), 
mounted to the top of it, thence rushed up tho paiopet, formed upon the oiest, 
and drove hack the hastily assembled gainson , 

The Artillery then dragged thiongh tho galloiy of the descent a short 24 pi , 
in. order to place it, if nccessaiy, upon the hreaeh, and thence make an opening 
in the letrenohmont 

These siege opciatiqns, so vnluablo in then lesults, and so interesting fioni 
the experiments connected with them, weie thus brought to a close 
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E’^tbacis from a Eeport by 
MAJOE GENERAL EREDERICK W IIAJIILTON, CB, 

On the Siege and Mining Operations at Graddlnz, on rris Vistula, 
Commenced 23rd July and ended 23id August, 1862 


On the 23id of July the opeiations commenced bj the enemy dm ins' the 
outposts of the gainson across the ij\ei Ossa, andtakmg possession of the toAVii 
of Qiaudenz, theicby restricting the besieged to the plateau The Artillery 
and Engineers at the same time commenecd the establishment of their parks of 
artillery and stores of materials tor the siege 
On the 24th, the besiegers formed a lino ot circumvallation, dii\ ing the besieged 
behind then most advanced woilcs 

On the 26th July an mtoimediute depot of tools foi sappcis wns formed, and 
at night the 1st parallel was opened, and the construetioii ot the enfilading 
batteries rvas commenced • 

These -were completed the following day (28th), when a fiio vras opened fiom 
all of them Some of the advanced works, meludmg lunette No IV, weie 
stoimed, the besiegers established fheniseh cs m it (see Plan I), and at night 
opened the 2nd paiallel and constructed approaches to it The batteries m tho 
2nd paiallel were also commenced 
Tho 27th was a day of rest 

On the 28th, the 2nd paiallel, and the appioaolies leading to it, woie widened \ 
at night the batteues wore aimed, and a line of iiflo pits dug on the ahgnment 
of the futuio half parallel , the appioachcs to these weie made by the flying sap 
The following two dajs (29th and doth) weio speatin completing these works, 
and dmmg the night of the 30th rifle pits wcic dug whoie the 3id paiallel was 
to be made, and appioaches to the 3id parallel wciecommeuood by the single 
sap These works were continued on the Slat July and 1st August, tho 
heads of the appioaches were connected with the 3rd paiallel, and the approaches 
themselves were widened on the 2nd August 

On the 6th| the 3rd parallel was completed Bomb proofs and other covered 
places were constructed m it, and the appioaches to the crowning ot the glacis 
by the double-sap with sap rollers were commenced Preparations weie also 
made foi the commencement of the mining operations A tiench oi mining 
lodgment, 100 yards long, out of which the several immng galleries ot the 
besieger wore to bo driven, was constructed 12 to 15 yards in front of, and 
oommumtating at both ends with, the 3rd parallel 

It will be observed (see Plan I) that the attack, tTs far as the 3id parallel, had 
been earned on against all the threatened parts of the fortress in a similar 
manner From this period, howGver, while the attack agomst the right face of 
No. IV ravelin and left face of its adjoining No IV bastion was carried on by 
tho direct sap to the crowning of the glacis, tho attack against the left face 
» These -works do not appear to have been actually constructed, but only traced — ^ 
See Page 201, and Plate 1.— -Ed 
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of the lavelm, and the counteiguaid in fiont of it, oning to the extent of 
dcfensiie mines consti noted undci tlio glacis in tioiit of those woiks, ivas 
earned on by the besiegui by a sjotom of niiuiug opentioiis 

Fiom the lodgment in fioiit of the thud painllcl, the bcsiegoi diove eight 
gallciies to distances I'aiying flora. 28 to 40 toot, and at an luelmation of flora 
1 m 2P to 1 in 3 It uiiy hole be rcmaiked, that all the mining operations 
woio earned on on both sides as they -would he in a icguhu siege, the Coni^ 
manding Engineer on each side having no tmther knowledge of the opeia- 
tiona of his advcisarj, than what could bo gamed by hstening to tho piogicsa 
of tho mniois undei gionnd When eithci paity was leady to apiing a mine, 
ho lepoited the fuel to an independent committee of thioe officers, who supei- 
intonded tho whole work, and who gaie ordcis, by sound of buglo, foi all 
parties to quit theticnehes and mines Aftei each mine was spinng a detailed 
report of its effect, and of its buccoss oi failuie was diawn up, and operationa 
woio immediately resumed 

The flist mmo spiung hv tho besieged was on the lltli August, m the left 
bianoh of tho light diioct galleiy, when suspecting that the onoiny’s minors 
were nearei than they actually veio, tho foiinei spiang a fougass ohuiged with 
41 lbs of powdei at a depth of 17^- feet It did not, howevoi, mtoiiupt the 
besieger’s piogiess, and as soon as then gallery was clem of smoke, the besieged 
dmiug the ncx-t two days adiaiiced 10 teot, when heaiing the enemy’s mineis 
approaching veiy close, they chaiged a mmo with 237 lbs of powder at a depth 
of 19 feet '(See No I, Plato II ) This was sprung on tho 13th, by which about 
8 feet of the besieger’s galleiy, No 8, was dcstioyed, the suiroundmg giound 
below the snifaco was distuibcd to the extent shown by tho dotted oiiole j tho 
dimensions of the ciatcr, 12 by, lb feet are also mdioated The hesiogei imme- 
diately took advantage of this cintei and occupied it, dii-ying foiwaid a 
galleiy fiom its southoin side 

On tho 14th, tho besieged having prolonged then oentie diioct gallery to 
within a few feet of the enemj’s inelmed gulhry No 4, chaiged a mine with 
227 lbs of powder, at a depth, of 22 feet, the explosion of which destroyed 9 feet 
of the besiegei’s gaUeiy 

On tho same day, and again on the 16th, two fougasses, ohm god with 41 Ihj 
of gun cotton each, weio exploded near the cntraiicos to tho inelmed galloiics 
Nos 1 and 3, the lines of least lesistance weie 6 feet The effect was to 
destroy a small pait of tho paiapct of tho “ lodgment of the mmes,” which was 
shoitly lepaired 

On the 15th, the besieged spiung two muies, NoO 4 and 5 No 4, of 227 Ihs 
of powder, at the extiemity of one of the light hianolios of tho centre diiect 
galleiy, (the line of least resistance being 22 feet,) by which 7 feet of No 6 
mohned galleiy of the enemy weio dcstioyed No 6, of 103 lbs ofpowdci,was 
laid in the left bianeli of the light gallery, and was spiung with the yiow of 
interrupting any piogios^tlio enemy might bo making in the gnlloiy which 
he was driving fiom the cratox of No 1 mmo , the lesult was quite successful, 
the whole gallery being destioyed * , 

• This gallery on the right of No 6 coiiiiteimiiie, us well as two small portions on 
the left of It, should haie been shaded t/ml to denote that they were destroyed —Ed 
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In the meantime, ho-wcvei, the cnoiny had woiked umntcnupttdly in Nn 3 
inohned galloiy, to a distance of 40 feet, and Lid thcie picpaud a buuh irgud 
mine of 2,710 Ib^ ofpowdoi.atadepthof 22ifcet Tliisii u spi luib (,u ilu 1 itli 
ivith vcij"- successful lesulls, pioduuug a ciilei 721tetiu diamctci iMth adipth 
of lo feet Tho eaith -nas Unit out to a poiptudiealni height ot 2G5 hit, and 
the cone of dispoiaion of tho ejected soil aiciagcd fiom 110 to loO tiut ladius 
The niidergi ound eftect was to dcstioy the ulioL of then oun 'lo 3 itichmd 
gallcij', as McU as pait of tho peimuncnt countcumiics, and 20 tut ol the pio- 
longation of the contio dnect gallery ot the besieged No soonci h id lhe> siniiko 
clcaied away fioin tho water, and the efteets ot tho cvplosioii heen asceitmned, 
than the hesicgcis commenced establishing thoinsches m tho ciatei, com en ting 
tho sida towaids tho loitiess into ii paiapet, and coiiiplotiiig the commumcitioii 
with tho tioneh lU icai They also commenced diiv mg 3 inchncd slialts fioiii 
the bottom of tho orator, against the pcimanent gilleiies ol tho besieged 
On the letli, the besieged had adianced iii then loft dneet galloiy to laithm 
a few feet of No 1 inclined gallciy of tho cnoiny, when houuig the eneniv’s 
minois, they spiang a mmo, No 7, charged with 324 lbs ot gnnpowdci at a 
depth of 18 feet The explosion destioj ed about 8 feet of the c\ticiiiity ot No I 
inolmod galloiy, as well as about 12 tcet ol then min On tlio aaiiio day they 
had adianocd in tho ei.tieine light bianch of tho ceiitvc galltiy, iilioii, uudn 
tho impi ossion that the enemy was mining m tho immediate neighbumhood, 
they ohaiged a mine, No 6, with 227 lbs of powder , the effects ot the o\plo. 
Sion hoy ever did not roach any of the enemy’s mines, but dostioy td a poitioii 
of then own Tho ciatei of No 6 was small, hut tho enemy oceiipiod it and 
eommenood duMiig galleiies iiom the bottom of it towuids tho foitiess 
As BOOH as the smoLe ot No 7 mine had denied away', tho enemy comincnced 
tho icquisito lepairs in then No 1 inchncd galleiy 
On the ISth the besieged sprang anolhci mine, No 9, with 216lb& ot powdci, 
in tho ktt hraaoh of tho light dueet gallciy 
On the same day the bcsiegeis haying completed the surchaigod miuo at the 
cxtiemity of No 1 inchncd gallciy, spiong it, dcstiojing theiehy tyio of the 
most advanced right branches ot the left dueet galltiy This mine yvaa thaiged 
With 1,031 Ihs of gun-cotton, the line ot least rcsistanec was 2,1 feet fiom the 
original Miifaee of the ground, but No 7 mmo ot the besieged having been 
pieyiouslj' spiuiig near tho same spot, that lino was someyyhat reduced It was 
calculated that the eflcct would bo equal to that pioduoed by 2 a times the 
omount, 01 2,577 lbs of poyvdci The following hoyvevci were tho lesidta —The 
depth of the ciatei was 16 leet, or 1 foot moio , the oxtiomo height to yvhiph 
tlio masses yyoie thiown was 272 foet, oi 8 feet moie, while the diametoi of tho 
Wntei yvas only 62 feet, oi 10 footless. Tho cone of dispeision was fiom lOS 
to 150 foet of ladius 

As soon as the smoke had cleaied away a lodgment was made in the ciatei , 
and a oommnuioation was effected with the adjoining; ciatei No 1 
At a latoi peiiod, on tho same day, the besieged sprang tliree mines, chaigod 
With gun cotton, with the yiew of,dei»tioymg the covei the enemy had made loi 
themselves m No I oiatci, and of damaging tho galleues they weio pushmg 
forwaid fiom it Poi this puipose, they had lepimed pait of the direct branch 
in continuation of the centre dueet galleiy, and laid No 10 mine, ohaiged with 
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S2 lbs of guncotton They placed No 11 nun o, cliaiged uith 124 lbs of tbo 
same laateiial at the cvhomity of tbo right and most advanced bianch of the 
left cliiect gallciT, and No 12 mine chaiged with 82 lbs of tho same, at the 
ei-tiemjtj' of tho left peimnncnt hianch ot the ceiitie diiect galleiy Seieial of 
the galleiics Mcie dcstioycd by the evplosion, and the covei ot tho enemy ui 
cratei No I m put ■wcakeued, hut the lattci was lestoied diamg tho follotvmg 
night 

On the 10th, tho enemy, -with the view of completing a moip adiimccd lodg- 
ment, had been piepaiing a suichargcd mine at the evUeiinty f then No 8 
inolmed galleiy, which they had lopaired Bince the evplosion of No 1 mine of tho 
hoBiegedhadthecked then piogtess Tluanune, -withaliueof leastiesistanco of 
from 23A to 24Aft ,wa8 chaiged with 1,10011)8 ol powdei , thocf&ct of the e\plo- 
aion was gieat, destioying the advanced gallciies of the besieged, and afiording 
immediate covei to tho enemy foi dining twognllenes, foiwaid The masses 
of eaith weio thiown to a height of 30o feet, the dimensions of the ciatoi 
iveie 54 to 61 feet lu diamotei, its depth 17 to 18 feet deep, the a-vci ago diameter 
of the cone of dispeision was fiom 105 to 101 feet ladius small masses wero 
tliiown bj the eiplosion in the dnoetion of the wind to a distance of 418 toot 
A communication about 61 ieet long, foiming a salient angle in tho oentie, was 
completed between the crest of this ciatei and that of No 1 

On tho 20th, the besieged had been ptepaiing i mine, No 13, charged With 
216 lbs ot powder in the left branch of the light diicet galleiy, it was evplodod 
at the same time as the bosiegci’s svuohaigcd mine, and the effects could not be 
estimated separately 

On the completion of tho communication between Nos I and III oi aters, the 
hesiegei sunk a shaft in its salient angle to the depth ot 10 feet, and lodged 
1,031 Ihs of powdci in a chambci at the bottom, maiktd No IV, Plate II Theie 
was no tamping in the shaft, nor was the chamhei foiniod in a rctuin, the 
conseguenoe of which was that when the mine was ignited the masses of eaith 
were thiown to a much groatei peipendiculai height than from laigoi mines 
well tamped, viz , 338 feet, while the diameter of the oiatei was only 31 feet 
Some sphnteis of wood woie thiown to a distance of 400 feet, the cone of dis- 
persion howovei was voiy small, tho masses of earth falling withm a ladms of 
fiom 40 to 42 feet 

A moie advanced communication was now effected between the new formed 
ciatei and No III ciatoi, and at its salient and most cential part another shaft 
was sunk with the object of lodging a chaige of gun cotton , tins opeiatioii 
was oontmued duimg tho night of tho 20th August, and was completed by the 
following morning, tho shaft was 10 feet dooj) as bcfoie, without anj letuin 
foi tho chamhei The mine was charged with 412 lbs of gun-cotton lusttiid of 
1,031 lbs ol powdei The cftcct ot the explosion was what might hai e been 
anticipated fiom tho moie sudden ignition of tho gun cotton and tbo non- 
tamping of the mine Some misses of eaith wcie thrown to a height of SRlfeot, 
the diametoi of the eratci«wa& fiom 27 to 29 feet, and the cone of disiiciMun 
from 60 to 76 feet ladiiis Spliuteis of wood woie thiown to a distance ot 
149 feet • 

21st— In the mennhme tho besieged had been prepaung three moie mines 
to resist tho piogress of the enemy, of which two, Nos 14 and 16, weio charged 



213 


SIEGE OrEEA.TIOi\S AT GEAVDI X 


•wUli 3241118 each of gnn powlci, indNo !(> ^itK 1 jl Ibfl of flic «mnic ' \ft I') 
ms placed m the cxtiomc iighi advanced listening gnllcii of flic light biiiiuli 
of the loft diiect gallpiy, iMtli the new to checking the ailMUici o( (lie ciuinv 
in the galleiy -which ho mis dining fioui No JI ci i(ci 'the giilleiica 
•wcrohowcvei getting --o choked with the liinics of the c-cplodtd lotfou mid 
powdoi ns to icndci nn-y tiiitlici -Moikiiig in tlicra inpinons to tin he litli of (ho 
tioops Ncarlv d,loO lbs of powdoi hoiicici iciiinincd nm \pi inicil, \i ifh i\ hn K 
it ms dcteimined to chaigo one imno, to judge of (he tf(co( piodiited bv so 
nmisimlly Inigo an explosion As the sod ni contiiiiutioii ol most of the 
existing gnllpiies had been nuieli shaken and iooscnid In sucec'sni iireiums 
explosions, it -was dcteimined in this instiiice fn select a spo( bcfwcin tlie left 
and centre ducct galloiies, and m the centie of this spot fo sink a sh ift 

This -was commenced on the 22nd ot August, a eJi.imbei wan cxciiMited on 
one aide at a depth of 20 fict helow the Mtifnco of the sod, ami fhe mine was 
charged with 4,950 lbs of powtloi The pow doi w us contained in li ij-s w c iglitng 
20 lbs each, thiee bags occupying about ono lulm find | 'flic edeet id the 
explosion -was tiuiy magnificent the whole c.uth shook, uicl the ciiiptinn of 
large masses of tuiaeions clay pioduccd a scone iniely witnc'se'd m ntditiiy 
mining opoiations Many lingo inassos were huilcd 412 feet peipenuluul uly 
into the nil, the cone of chspcismn was fiom 31.5 to 375 feet lachu.. Hio 
ciatei, 22A feot deep, was fiom 80 to So feet in dinmcfei 

The efibefc of the falling of those laige masses of tenacious clai on the suif loo 
of the giound was lomaikable Fuat oiitening the aoil as ii solid mass, tiioy 
spread out till then upper smfaces were flat and ncailj Iciel with the sui- 
rounding soil In the act of spieading out they turned up the edges of the 
surface tuif, thus piesentmg the appcniance as it it wcio pioduccd by an 
Upheaval of the ground fiom helow, indeed some spcctatoia for a moiiieiit 
imagined that parts of this gieat chaigo liad forced then way thiougli under- 
giound channels, and had pioduced so manj smidl cruteis, hut thoj were soon 
undeceived 

The spnnging of this mine concluded the operations of tlio siege, vanous 
other expeimicnts weio mado howovei, at diifeiont peiiods, to winch I nill 
refer in duo eoui-so 

Gim Cotton With the now of testing the foiee of gun cotton under watci, 
underwater 41 Ibs ot that nintciial, ciileulited to produce the same effect as 
103 lbs of gun powdoi, wcio enclosed in a wutoipioof ease and 
fastened at a depth of 10 feet below tho suiface of the Vistula Upon this 
mine being ignited by means of a galvanic batteij, a thin column of water lose 
to a height of 307 feet, for above the heads of the spectators, who woic stand- 
ing at the goige of the foitiess, 215 feet aboia tho nvor, and foimod a stiong 
eonti ast to tho pi ei lous explosion of 4,950 lbs of pow dor 

The amount ot powder allowed for tho foiegoing cxpeiimonts, is equal to 
20,400 lbs. of gunpowder , that is 14,730 Ihs of gunpowder, and 2,268 lbs of 
^ cotton, which being equal in effect to tw o aiic?a-half times by weight the 
fotce of gun powdei, ifa equal to 5,670 lbs of gunpowder, total, 20,100 lbs 
pi ** of charges Nob 14 and 16 could not be ascertained on the original 

■t The mine was tamped with sods of earth from the chamber to tho level of the groundi 
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'ihp cotton used vns mannfacttiicd by the Prnssians, but accoidingto the 
Aust]iiin ■ijsUin, uhcicas, howe\ei, the Aii&timn gun cotton pi odnces three 
tuius tht ctli tt of powdci , the PiusMun pioduces onlj two and a half times tho 
f fh ct Iho Anstriiin gnu cotton cost 60 dolhis, or £9 pei cwt Tho Piussiau 
cotton iiliiih IS nut so cltcc tne, cost 120 dollars, or £18 per cwt 

It w IS icnwihcd dm mg nil these mining opcintioiis, that the fumes generated 
in the g lllincs bj the explosion of gun cotton, weie much more prejudicial to 
the ititn's health than those of tho common gunpowder, and the suigeoiia w'cre 
aliiius enabled, alter a man had described his suifcimgs, to say, whether he 
had been hioiight out ot a gillory whcie gmipowder or gun cotton had been 
exploded Thu hiidachcs pioduced by tho fumes of gunpowder, weie always 
felt across the loiehcad, and iiero lemovod after three or foui horns spent in the 
open tin Those piodnccd by the fumes of gun cotton weie always felt across 
the top of tho head, and weie much more severe as well as of longer duiation 
'I he following table, No 1, shews in a tabular foim the amount of powder 
and cotton C' pended each day in the scveial mines duiing the opoiabons 
T ibks 2 vnd 1 giie the dimensions of the ciatcrs, and otliei details connected 
with the explosions of tho sevciat suiehaiged mints 


TABLE I 

ESPEyDITURE OF GUNPOWDER AND GUN COXTON DURING THE SlEOE 
Operations at Graudenz August, 1862, 





Defenders | 

In the Attack j 

Select Committee 


No 

Date 

Powder 

Cotton 

Powder 

Cotton 

Powder 

Cotton 

Ciraouflet 

Surobnrged mine 

C imouftet 

Surcharged mine 
Cainoullet 

Surcluiged mine 
Caraoullet 

Shi charged mine 
Cainouflet 

1 

2 

3 

5 

1 

6 

7 

0 

11 

10 

11 

12 

III 

13 

IV 

It! 

11 

13 

14 

H 

17 

15 

15 

16 

16 

16 

18 

18 

13 

18 

19 

19 

20 

20 

21 

41 

257 

227 

227 

103 

227 

324 

*216 

216 

321 

41 

41 

82 

124 

82 

2,710 

1,700 

*1,031 

1,031 

26 

* 62 

Surcharged mine 
Cailiouflet, 
Surcharged mine. 

15 

Y* 

16 
VI 

21 

21 

21 

23 

324 

154 


4.050 

412 


Descent of ditch 
Submarine wnle 

■Wall 

Water 

21 

23 






41 
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TABLE II 

Memohvndum EfiLAmG to the RuRCiiAEorD ’IIinfs HEEINO the biK-I 
OprnAriuNS ir OnvuEr^/ 


>0 

Cb Wffe 

o?nfi,:,i 

r uu ot If i-wt 


"'r‘ 'ilm'na 

< ;:L, 

No I 

2,710 

Powdn 

•lit 

is 

203 

a 

1 > 

No II 

1,031 

Gun Cotton 

23 

02 

272 

10 

No III 

1,700 

Puwdei 

2al— 211 

11-01 

*0j 

17-18 

No IV 

1,031 1 

Powdei, 

not tamped ui per- 
pendioulur shaft 

} 

31 

318 

lO 

No V 

{l 

I Gun Colton, 

: 111 peipendicuhr 
shaft not tamped 

.« 

27-29 

383 1 

10 

No VI 

4,950 

Powdei 

20 

80—85 

112 

22J 

No VII 


Gun Cotton 
under water in 
Vistula 

} 


307 



TABLE III 

The cones of dispersion of the masses of caith and stone thrown uito tho au 
by these explosions, had the following dimensions — 

No I 110 to 159 feel radius 

No, II 108 to 150 feet laduis 

No III 105 to 161 feet ridius Small masses of eaith weie thrown in the direction 

ol tlie wind, to tho a stance of 438 feet 

No IV 40 to 42 feet radius N B — Splinters of wood were tlnown to the distance 
of 100 feet, while the earth, ns shown hy the small oirele of dispersion, 
appeals to have fallen down again nenily perpendicularly 
50 to 75 feet ladius Sphntcio of wood as far A 119 fteL 
313 to 375 feet 


No V 
No VI 
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The foUo-wing la a slioit account of the thieo bystcinfc of ^entllators used in 
the g illeiics, diuing tlic aicgo ojteiatioiis 

lontiliiora foi Ycntilatoia uacd dm mg the siege opciations at Uiauden/ foi 
mines ventilating tho coiinteiimnes, fi-c 

] The cvlmdei blowing nmehmo (hioiight Iioin Stettin by the Pomeiaman 
Biittaliou of Sappeis) 

It consists of a double bcllovis with a leccptaclo foi an It has piodnced by 
till tbo best effteta It tvhnguisbcd at tbo end of a kaden pipe, 300 feet in 
length, 0 lighted tindle placed 6 feet fiom ita embouthuie 

2 1 be miner’s ventilatei, by It W Dmuondvhl, iieai Steele 

It IS made cntuoli ot non, gcnciiilk upon the old system, not with a simple 
shoscl wheel, hutwith a luii mIiclI, so that tho an cannot escape sideways, but 
only at tho poiiphci^ of tho wheel m the ducotion ot the tangent 

llieie IS a tin case, 2 feet 3 inches m dniTiietci, in whioli the tan iihccl tuins 
The au entois fucly on one side of this case and is cUiven out at the top By 
incniis of suitable pipes oi tubing, this maohiiio can also he applied to the pui- 
pose of diiuiing out the had air horn the mmcB It has many advantages oi oi 
the old % enlilatoi 

3 Tlie old ventihitoi 

This matluno has met iMth very little success, and will no longei be used 

d Tho Biniplo field forge bellows, which was exclusively used by the bosiegei, 
belongs propel Ij to tho pontoon tiaiii 

Tho flist and second of tho ventilators above lofoiied to were used by the 
defenders, the fiist pioved to bo the most oflioient They were placed in the 
ditches neai the cntianccs to the counteimmo galleries, and they were pioteeted 
from tho fiio of the enemy by bomb-pioofs 

The following memoianda show the lelative qualities of the thioe kinds of 
fuzes used, viz of 

1 Bioktord’s patent quickmatch * 

2 The Aiistiian gun cotton fuze 

3 Iho Amoiican patent clectnc safety fuze 

. , A plaited vv ick of gun cotton enclosed in a linen tube steeped in 

Tlie Auatilan f i. i 

Gen Cotton caoutchoulc 

Its tested piopol ties — 

1 It is easily ignited 

2 If it has been kept poifectly diy and is laid upon the gioimil, it will bmii 
quickly through without ceasing, howovei much it may have been pressed, oi 
however it may have been handled 

3 If it becomes damp it hums much slowei, and b> fits and staits 

4 All breakages aie quickly icpaiied by simply tjmg tho two cuds togetliei 

5 It IS veij easily affected by moistme, and must theiefoie be pieseiied in 
the driest possible places ^ 

6. li it has become damp, it can ha made aemceahle again by dijmg in 
the sun 

* The desciiptioii of Bickfoid’s fuze is omitted, being the same 
1 our Own service —Ed 


as tjiat used 
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7 The caoutchouk tubing is not ■« atci -tight, but it luesorves the fuze to a 
certain degiee flora the dunpiicss of the unth 

8 A length of 50 feet of this fu^e ivhen pcrfectlj diy, hums m IJ to 2 
seconds , nlion it is damp, in tiom 10 to 20 seconds 

£) It is vciy hght and easily haiidhd, 1 footm length neighs 0 3 ounces 
10 It does not deteriorate by transport 

Patent Ekrtne ^ coveiiiig of gutta pcicha coters an iiiteiiial tube of 

Safety Fuse of paper, in which the eoniposition ra placed This composition 
ty!^shiD*jtoic consists m equal paita of 

Blci eisen cyanui and 
Chlorsaurem kali — chloiate of potash 
There are two kinds of fuzes , 

1 The land fuze 

2 The submaiinc fuze 

The suhmanne fuze is protected hy another lesinous cotciing in addition to 
the gutta pcioha tube 
Their tested pi opei ties — 

1 It bums tbiough very rapidly In a length of 60 feet no appreciable 
difference was obsoited bctw'cen the commencement and toimiuation of the 
Ignition 

2 It is very easily ignited, and the piogiess of combustion is certain 

3 The rapidity of combustion ensures the simultaneity of the explosion of 
several mines 

i The blanching off of several trams is tasilj effected by splittmg the fuze 
up the middle foi a distance of half an inch, and by placing the two ends that 
are to be fastened together in such a maunei that the composition in them may 
he in contact, then smfaccs having been first roughened The junction is then 
secured by ciossties 

6 The composition is not easily affected by damp 

6, It is very hght, the foot weighing about 0 3 ounces 

7 It is easily handled and protected from external injuries 

8 One foot of it costs sixpence English 

9 The Berlin imitation fuze costs only tbreoponoe English, t e but little 
jnoi e than half as much 

10, Tho submaimo fuze has not always proved itself watei -tight when placed 
trader water 

From the foiegoing observations it will he remaikcd that the American patent 
electric fuze possesses greatei advantages than the other fuzes 

The Prussians have adopted three diffeient methods for igmtwff tho chanre 
1 By galvanism (the voltaic battery) ^ ^ ^ ' 

2. By Electricity 
3 By the safety fuze 

1 The golvanio battery employed oonsists'of 86 cells enclosed in a wooden 
case 10 inohes square and 5*aohes deep The hd, to which the plates are fixed 
IS mpported a little above the top of thehoxbyfonr spiral springs at the comers, 
and the battery is made to act by the simple action of pressing the lid down, b v 
wiiich operatiou the plates become immersed in tlio acid* . 
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The app'xiiitiis foi igmtmg tlie chaigo is thus constiucteil — 

'lUi c vtiLimtics of the two coppex vnies iiom the hattoiv aie hioiiglit into a 
r.inical phtg, ninile ot thice pieces of wood, the central pax t is a flat piece ot 
wood, the 1 wo sides aio halt cones, or neaxlj so, tiuncated, and they have out 
out lit them on then innei flat suifaces a fuiiow, into which the wires aio 
MLUuU fasti nod, so that they cannot slip out The points project beyond the 
plug, mid to these is fastened a small platinum wiie The thioc component paits 
ot till plug no hound togolhci hy tiyo bands of wuo, and foi seeuritj in tiavel- 
liiig, a noodtii stoppii is fitted on to the small end whoie tho platinum wue is 
fnslciud AVhtn luiuiied lot uso, this stopper is taken off, and befoie insciting 
the Jilin, into the ehaige of powdci, n composition of sulphur, aatimonj, and 
anotlii 1 ingiedient, is placed o\ei tho platinum wire This composition ignites 
inoio fieih than gnnpowdei, and secuics tho dischaige of tho mine with gi eater 
( 11 1 xuily, than when the plug is chaigcd with powdex only 

2iidh llj lilectucitT A ooppei wiie posses thiough as many ohaiges as it 
IS xeqnncd to iginto This wue is cut ui two lu each chaigo, and the two e\ 
tuinities aic hi ought near to eaeh othei Iho eleotiio spxik, passing fiom one 
to tile ollici cytuimtv, ignites each charge simultanconsly The eleotiicity is 
prudin cd in the usual way by the fiiction of a xyboel Loss wire is lequiied by 
this initliod than by the tozmei, hut it is not so ccitaiu in its results 
did The thud method is tho Ameiican safety fuze, refeiied to in a proiious 
pigo, when tienting of fuzes 

tiiiuiauii tubes now in uso fox conveying the au fox cod into the 

tabu “ gallciics hy the icntilator, aie lengths ot caontohouked linen pipes, 
2 inches in diamctci, with tin mouthpieces 0 inches long, to fitone to the othei 
Ihcj cost siyponce poi foot A now kind of tube is loconimended, made of 
zinc, 3 inchis in diameter, and to cost hut little more than. 8jd pel foot, 600 
foot would co^t 150 dollars oi £22 lOs It has been proposed to lay down 
peimaiiont pipes of this kind under tho floois of the galleries, these pipes being 
tuiuishcd with soiews at each end, to fasten othex lengths to them, with knees 
fox turning the angles of tho bianohes , 

Tl htin ni o-veniiig of the 17th August, a feigned attempt was made 

the mum"'' to carry the fortiess by stonii, an opuatxon which, eonsidoiing 
theio was no breach and the seaip rexotments weie everywhere 30 
feet high, would huTo been in leality impracticable Tho besiegers weio sup- 
posed to take advantage of the moment after spimging a laige mine, to descend 
the eoxinteisoaiii ol the ledonhtot the covered way, to run along and ncioss the 
mam ditch, and frace an entianco fiom the lowei gate in curtain No 4 The 
xsimpaits wcie manned, guns placed to defend the gate, and other piopaiatioiia 
weie made to lesist on attack The principal object of interest was the method 
adopted hyThe gaiiison for lighting up the mam ditch on a daik night, as soon 
as the first alarm of a night attack might bo given This consisted in ignitmg 
largo halls of fixe fastened to a sigall truck on two wheels, wliioli was lot down 
the exteiior slope of the rampart, until it lested on the berm oi top of the scarp 
levotraoiit. One of these placed m the middle of the ouitam, and two on each 
of the adjoining bastion faces, were sufficient to allow the gaiiison to see every 
movement of the attacking paity, while they remained themselves in corapaxa- 
tivfi darkness. 
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On the iiiglit of the 21st August, tuo guns were hiought up tin. 
iKL”o"un„’“ double sap lioni tho icai of the thud ])nrallel, to the hrLiicluiig 
biutLn.i batteiy oil the oiest of the glams, a distance ol 247 yards 
The fiist gun bioiighl m was a shoit 24-pr , weighing — Guu, 2,i>92 lbs 
Carnage, 1,6C0 , 

Total 4,342 lbs ' 

20 men wore emplojed, and the opciatioii was conipkted lu llj niinuti.s 

TIic second gun was a heavy 21 pi , weighing ol G cwt , the caiiiagi weighed 
m addition 20 3 ew t , total weight 80 0 cwt Duiiiig the fust pai tot tho opeuitioii 
24 men weit emplojed, this iiuiiibei was found insufliuont, and at i lutci pciiod 
40 men weie put on, and the opeiation was completed iii 2{ houis, hut ahout 
haUan-hoiu was lost b> the wheels in one place sinking and boeoimng In mly 
imbedded in the sand, and much dilficulfy was cApeiicnccd in laising thorn 
again When in the batteiy, the guns woie placed 16 feet from each otliei, 
moasuiing fiom oentie to centre 

The descent into the ditch was effected opposite the light face of 
the lavelm No 4, and piesentod no lemarkablc featiues, while 
woikiiig tliiougli the soil, wliieh was of a veiy tcnioious chanetei 
The stancheous and onpsills weie placed as usuil, and tho w oik w as fliashtd 
la good style , the progiess averaged to bo 6 feet in tho 24 houis On lenehiug 
the back ol the counteisoaip wall, the work piogiesscd much slowei, owing Lo 
the stone-woik and haidncss of tho moitar , but it was facihtated bj the use of 
small ohaiges of gunpowdei, which weio so regulatid as not to distuib tho 
loniaining paits of tho coiinfciscaip 

mow In- u S^'-'^oial expeiiments wrere made on the 22Qd August with the 

pairndLs"'’ view to testing the relative efficiency of gunpowdei and guncotton 
in making bi caches in palisades 

The fiist sciies of expeiiments was made against strong palisades of the 
coveiod way, (dimensions not given ) A chaigo of 26 lbs of cotton destioyed 
9 palisades, making an opening of 9 feet 8 inches 

45 lbs of powder similarly placed, destioyed 8 palisades, making a bi oneh 
8 feet 6 inches wide 

15 lbs of cotton blew up 4 pnhsades, opening 6 feet 6 inches , and 

46 lbs of powder destioyed 7 palisades, opening a bleach of 7 feet 6 iiiohes 

The second soiica of expeiiments was made against a strong palisade, 8 feet 

high, stiongthened by a second low of palisades 6 feet high, the palisades vaiied 
fioin 12 to 15 inches bioad, and from 11 to 12 inches thick 20 lbs of cotton 
were placed at the foot of the fiont of the palisade , tho explosion ol the charge 
opened a bleach 4 ft 3 in bioad, bieoking off the pnhsades flush with tho 
giound. 

The second expeiiineiit was with 77 lbs of powdci similaily placed, the result 
of which was a clear hi each of 6 ft 6 m , the^adjoinmg palisades not thiown 
down weie all forced slightly out of the peipendiculai 

The tlmd senes of expenwents was against a low of fraises fixed on the top 
of the eounteisoarp of a ditch No 1 experiment was with 15 Ihs of cotton, 
laid on the upper smface, the explosion of which destroyed 6 finises, making 
a bleach 6 ft 9 m bioad The second expeiiment was with 40 lbs ol iibwdei”, 
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■which destioyed 2; fiaises, opening a hieach of onh 3 ft 1 in ividc On 
anothei occasion 27 lbs of cotton blew up 3 stioug palisades, and 64 lbs of gnn- 
puwdei bleu up 4 pahsades 

Amongst the many subjects pioposed by the Piussnii inilitaij authoiities to 
be considered duimg these opeiations, ■was a levisal of the engineciiiig icgula- 
tions, which have been but slightly alteied duiing the last 10 jeius, and their 
attention was at one time diicoted to the dimensions to bo gncii to gabions, and 
to other matciials and stores It was dcteimined to leduco the gabions horn 
3 ft 2 in to 3 feet in height Tho fascines which wcie forninly 18 inches in 
dmmetei, and ') fiet long, to bo reduced to 10 inches in diametoi 

It was also pioposed that the steps foi sallvnig o\cr tho paiapets of the 
paialhls shoiill be 10 inches high, foimed by single fascines, instead o£ being 
made neaily double that height 

Tlie question was also hioaohcd, though no defiinto corelusinn svas then 
aimed at, whether in tho appioachts and zig/sgs, tho ictuins should not be 
made in piolongation of each sap to tho fiont, luslcad of to the icin as is the 
piaetice, it was asseitecl that tlus now method would eiuiblo the tioops to 
defend by a good flank fho the front of each ticnch 
Lastly The attention of tho authoiities was called to tho best dimensions 
and sections of nflo pits, called by them “ emhuscades ” These must depend 
so entiiely upon ououmstances, thatit would perhaps ho difiioult to tiv upon any 
one doflnite plan Tho questions raised weie, whethei tho^j should be so oon- 
stniotcd as that the soldioi could kneel to the fiont ■when luing, oi he enabled to 
ho against the bieastwoik, oi sit down on a step, tuinuig tound to Are, whethei 
theio should be a stop at tho back of the iifle put, to be used as a seat, oi whether 
a small seat should ho cut out on one oi both sides in icai of the bieastwork 
The opinions wcie generally in tavoni of sections having a step both in front 
and leai, oi a step m front and leveiso slope 


FEED WJr HAMILTON, 

Majoi Qeneial 


Note— I n addition to the two phtes accotnpmvmg tins Paper, Major-General 
Hamilton also furnished a thud, of pioflies of tho different trenches As, except m 
the imtter of depth, they very much resembled our own profiles, I did not think it 
necessity to have the plate engraved This increase of depth is refeued to m PJ ite I, 
iiliere it will be observed that the majority of the tiencln-s arc f feet and some 5 feet 

The “ Erd-Walze,” or Turkish sap, alluded to on Page 202, la (I am informed bv 
General Hamilton) a term tho Pjiussians apply to a trench 1 foot or 18 iiiolies deeper 
than the ordinary sap , this enables the sapper to woik so low down as to be protected 
from the fire of the foi tress without the use of a sap roller — Ed 


PRIHTED 


JACKSON, “ JOURNAL” OTFICE, WOOLWICH 



